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LUBRICATION SYSTEM 


IN-LINE AND 6V ENGINES 


The engine lubrication systems, illustrated in Figs. 1 
and 2, include an oil intake screen and tube assembly, 
an oil pump, an oil pressure regulator valve, a full flow 
oil filler with a by-pass valve, an oil cooler and oil 
cooler by-pass valve. 


The rotor type oil pump is bolted to the back of the 
engine lower front cover and is driven directly by the 
crankshaft. The pump width varies for the In-line 
engines and the 6V engine, but otherwise is of 
identical design. By rotating the pump 180 °, it can be 
used for either right-hand or left-hand rotation 
engines. 


Lubricating oil from the pump passes from the lower 
front engine cover through short gallery passages in 
the cylinder block. From the block, the oil flows to the 
full flow filter, then through the oil cooler and back 
into the front engine cover and cylinder block oil 
galleries for distribution to the various engine 
bearings. The drain from the cylinder head and other 
engine parts leads back to the oil pan. 


Clean engine oil is assured at all times by the use of a 


replaceable element type full flow filter. With this type 
filter, which is installed between the oil pump and the 
oil cooler, all of the oil is filtered before entering the 
engine. Should the filter become plugged, the oil will 
flow through a Бу-раѕѕ valve, which opens at 
approximately 18-21 psi, directly to the oil cooler. By- 
pass filters are used in certain applications when 
additional filtration is required (Section 4.2). 


On current engines, the oil cooler by-pass valve is 
located on the right-hand side of the engine front 
cover and the oil pressure regulator valve is located on 
the left-hand side as viewed from the rear of the 
engine (Figs. | and 2). On former engines, both valves 
were located on the right-hand side of the cover 
(Figs. | and 2). 


If the cooler becomes plugged, the oil flow will be to a 
by-pass valve in the lower engine front cover and then 
to the cylinder block oil galleries. The by-pass valve 
opens at approximately 52 psi in the current In-line 
engines and 6V engines. In the former In-line engines, 
the by-pass valve opens at approximately 30 psi. 
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Fig. 1 - Schematic Diagram of Typical In-Line Engine Lubrication System 


NOTE: The by-pass valve opens at approx- temperature, by means of a regulator valve located in 
imately 32 psi on 6V marine engines prior to the lower front engine cover. The regulator valve. 


engine number 6D-11074 and all 6V engines located in the pump outlet passage, opens at 51 psi on 
prior to engine number 6D-17960. In-line engines or 52 psi on 6V engines and returns 
excess oil directly to the crankcase. 


Stabilized lubricating oil pressure is maintained within 
the engine at all speeds, regardless of the oil 
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Fig. 2 - Schematic Diagram for 6V-53 Engine Lubrication System 


Lubricating Oil Distribution 


Oil from the oil cooler on the In-line engine is directed 
to the lower engine front cover and then to a 
longitudinal main oil gallery in the cylinder block. As 
shown in Fig. l, this gallery distributes the oil, under 
pressure, to the main bearings and to a horizontal 
transverse passage at one end of the block and to 
vertical passages at each corner of the block which 
provide lubrication for the balance shaft and camshaft 
bearings. The camshaft bearings incorporate small 
slots through which lubricating oil is directed to the 
cam follower rollers. 


On a 6V engine, oil from the pump enters a passage in 


the cylinder block and flows under pressure to the 
filter and oil cooler and returns through a passage in 
the block to the lower engine front cover. From à 
passage in the cover, the oil flows to the longitudinal 
main oil gallery in the block which distributes the oil, 
under pressure, to the main bearings. Oil passages 
branching off from the main oil gallery direct oil to 
the camshaft end bearings, idler gear and accessory 
drive gear bearings, blower, and cylinder heads. 


In addition, oil is forced through an oil passage in 
each camshaft which lubricates the camshaft interme- 
diate bearings. All of the camshaft bearings 
incorporate small slots through which lubricating oil is 
directed at the cam follower rollers. 
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Oil for lubricating the connecting rod bearings, piston 
pins. and for cooling the piston head is provided 
through the drilled crankshaft from the adjacent 
forward main bearings. The gear train 1s lubricated by 
the overflow of oil from the camshaft pocket through a 
communicating passage into the flywheel housing. 
Some oil spills into the flywheel housing from the 
bearings of the camshafts. balance shaft (In-line 
engine). idler gears and accesssory drive gears (6V 
engine). 


Drilled oil passages on the camshaft side of the 
cylinder head (Figs. | and 2) are supplied with oil 
from the bores located at each end of the cylinder 
block. Oil from these drilled passages enters the 
drilled rocker shaft brackets at the lower ends of the 
drilled bolts and lubricates the rocker arm bearings 
and push rod clevis bearings. 


Excess oil from the rocker arms lubricates the lower 
ends of the push rods and cam followers, then drains 
to cam pockets in the top of the cylinder block, from 
which the cams are lubricated. When these pockets are 
filled, the oil overflows through holes at each end of 
the cylinder block and then through the flywheel 
housing and front cover to the crankcase. 


The blower bearings are pressure lubricated by oil 
from drilled passages in the cylinder block which 
connect matching passages in the blower end plates 
which, in turn, lead to the bearings. On current 
engines. lubricating oil is supplied directly to the front 
and rear right bank camshaft end bearings and 
supplies oil to the blower bearings. On former engines, 


the blower bearings received lubrication indirectly via 
the right rear camshaft end bearing only. Excess oil 
returns to the crankcase via drain holes in the blower 
end plates which lead to corresponding drain holes in 
the cylinder block (In-line engines) or the governor 
housing (6V engine). 


The blower drive gear hub in a 6V engine is pressure 
lubricated through a connecting passage from the rear 
blower end plate, through the governor housing and 
into the blower and governor drive support. 


Four tapped oil pressure take-off holes (three at the 
rear and one at the front) are provided in a 6V 
cylinder block. 


One tapped oil pressure take-off hole is provided in 
the lower engine front cover on some In-line engines. 


In addition, tapped oil holes in the cylinder block, on 
the side opposite the blower, are also provided as 
follows: three holes in the four-cylinder block and two 
holes in the three-cylinder block when the blower is on 
the left side of the engine or three holes when the 
blower is on the right side of the engine. 


Cleaning Lubrication System 


Thorough flushing of the lubrication system is 
required at times. Should the engine lubrication 
system become contaminated by ethylene glycol 
antifreeze solution or other soluble material, refer to 
Section 5 for the recommended cleaning procedure. 


8V ENGINE 


The 8V engine lubrication system, illustrated in Fig. 3, 
includes an oil intake screen and tube assembly, an oil 
pump with a relief valve, an oil pressure regulator 
valve, a full flow oil filter with a by-pass valve, an oil 
cooler and an oil cooler by-pass valve. 


The oil is circulated by a gear-type oil pump mounted 
on the number 4 and 5 main bearing caps and is 
driven by the crankshaft timing gear. 


Lubricating oil is drawn by suction from the oil pan 
through the inlet screen and pipe to the pump where it 
is pressurized. The oil then passes from the pump to a 
gallery in the cylinder block, to the full-flow filter 
adaptor, through the filter, then through the oil cooler 
and into the engine front cover and cylinder block oil 
galleries for distribution to the various engine 
bearings, including the outboard bearing in the front 
cover. The oil drains from the cylinder head and other 
engine parts back to the oil pan. 


A spring-loaded relief valve. located in the oil pump 
outlet pipe, by-passes excess oil back into the 
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crankcase when the engine is cold or when the 
pressure in the engine oil gallery exceeds approx- 
imately 120 psi. 


Stabilized lubricating oil pressure is maintained within 
the engine at all speeds, regardless of the oil 
temperature, by means of an oil pressure regulator 
valve in the engine front cover which opens at 
approximately 52 psi. 


Clean engine oil is assured at all times by the use of a 
replaceable element type full-flow filter which is 
installed between the oil pump and the oil cooler. All 
of the oil is filtered before entering the engine. Should 
the filter become plugged or before the engine is at 
operating temperature, the oil will flow through a by- 
pass valve, which opens at approximately 18-21 psi. 
directly to the oil cooler. 


The oil cooler by-pass valve, which opens at 
approximately 52 psi, is located in the engine front 
cover. If the cooler becomes clogged or before the 
engine reaches operating tmeperature, the oil flow will 
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Fig. 3 - Schematic Diagram of Typical 8V-53 Engine Lubrication System 


be to the by-pass valve, then through the engine front 
cover oil passage and the cylinder block oil galleries. 


tubricating Oil Distribution 


Oil from the pump enters a passage in the cylinder 
block and flows under pressure to the filter and oil 
cooler, then through a passage in the cylinder block to 
the engine front cover. From a passage in the cover, 
the oil flows to the longitudinal main oil gallery which 
distributes the oil, under pressure, to the main 
bearings and the outboard bearing. Oil passages 
branching off from the main oil gallery direct oil to 
the camshaft end bearings, idler gear and fuel pump 
drive gear bearings, blower and cylinder heads. 


In addition, oil is forced through an oil passage in 
each camshaft which lubricates the camshaft interme- 


diate bearings. All of the camshaft bearings 
incorporate small slots through which lubricating oil is 
directed to the cam follower rollers. 


Oil for lubricating the connecting rod bearings, piston 
pins, and for cooling the piston head is provided 
through the drilled crankshaft from the adjacent 
forward main bearings. The gear train is lubricated by 
the overflow of oil from the camshaft pockets through 
à communicating passage into the flywheel housing. 
Some oil spills into the flywheel housing from the 
camshaft end bearings, idler gear, and fuel pump 
drive gear. 


Driled oil passages on the camshaft side of the 
cylinder heads (Fig. 3) are supplied with oil from the 
bores located at each end of the cylinder block. Oil 
from these drilled passages enters the drilled rocker 
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shaft brackets at the lower ends of the drilled bolts, 
and lubricates the rocker arm bearings and push rod 
clevis bearings. 


Excess oil from the rocker arms lubricates the lower 
ends of the push rods and cam followers, then drains 
to cam pockets in the top of the cylinder block, from 
which the cams are lubricated. When these pockets are 
filled, the oil overflows through holes at each end of 
the cylinder block and then drains back through the 
flywheel housing and front cover to the crankcase. 


Oil is forced through drilled oil passages in the 
cylinder block to the blower. The oil level in the 
blower and the governor drive is maintained by two 
.040 ” diameter orifices in the blower end plates. Thus 
the rotor timing gears and the governor weights turn 
in oll. 
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The splash of the oil and the vapor created lubricate 
the blower bearings and supplies oil to the blower 
drive gear, spring pack and drive shaft. Oil is returned 
to the blower drive support by a groove in the drive 
gear hub. Excess oil helps lubricate the gear train 
before returning to the crankcase. Two tapped oil 
pressure take-off holes are located at the rear of the 
cylinder block. 


Cleaning Lubrication System 


Thorough flushing of the lubrication system is 
required at times. Should the engine lubrication 
system become contaminated by ethylene glycol 
antifreeze solution or other soluble material, refer to 
Section 5 for the recommended cleaning procedure. 
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Fig. 4 - Oil Pressure Take-Off Locations 


The following cylinder block illustrations show the for supplying oil under pressure to oil gages, Jacobs 
main oil gallery pressure locations that are available engine brake or other accessories. 
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LUBRICATING OIL PUMP 


IN-LINE AND 6V ENGINES 


The lubricating oil pump. assembled to the inside of 
the lower engine front cover as illustrated in Fig. l. is 
of the rotor type in which the inner rotor is driven by 
a gear pressed on the front end of the crankshaft. The 
outer rotor is driven by the inner rotor. The bore in 
the pump body, in which the outer rotor revolves, is 
eccentric to the crankshaft and inner rotor. Since the 
outer rotor has nine cavities and the inner rotor has 
eight lobes. the outer rotor revolves at eight-ninths 
crankshaft speed. Only one lobe of the inner rotor is 
in full engagement with the cavity of the outer rotor at 
any given ume, so the former can revolve inside the 
latter without interference. 


The pump width varies for the 2. 3 and 4 cylinder In- 
line and 6V-53 engines, but otherwise is of identical 
design. By rotating the pump 180%, it can be used for 
either à right-hand or left-hand rotation engine. 


Operation 


As the rotors revolve. a vacuum is formed on the inlet 
side of the pump and oil is drawn from the crankcase. 
through the oil pump inlet pipe and a passage in the 
front cover. to the inlet port and then into the rotor 
compartment of the pump. Oil drawn into the cavities 


ENGINE 
COVER 





Fig. 1 - Typical Right-Hand Rotation 
Lubricating Oil Pump Mounting 


between the inner and outer rotors on the inlet side of 
the pump 15 then forced out under pressure through 
the discharge port into a passage in the front cover, 
which leads to the lubricating oil filter and cooler, and 
is then distributed throughout the engine. 


If a check of the lubrication system indicates improper 
operation of the oil pump, remove and disassemble it 
as outlined below. 


Remove Oil Pump 
1. Drain the oil from the engine. 


2. Remove the crankshaft pulley, fan pulley, support 
bracket and any other accessories attached to the front 
соуег. 


3. Remove the oil pan. 


4. Refer to Fig. 2 and remove the four bolts which 
attach the oil pump inlet pipe and screen assembly to 
the main bearing cap and engine front cover or oil 
pump inlet elbow. Slide the flange and the seal ring on 
the inlet pipe and remove the pipe and screen as an 
assembly. Remove the oil pump inlet elbow (if used) 
and gasket from the engine front cover. 


5. Remove the lower engine front cover. 





Fig. 2 - Typical Oil Pump Inlet Pipe and 
Screen Mounting 
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Fig. 3 - Measuring Rotor Clearance 


6. Remove the six bolts and lock washers (if used) 
which attach the pump assembly to the engine front 
cover (Fig. 1) and withdraw the pump assembly from 
the cover. 


Disassemble Oil Pump 


If the oil pump is to be disassembled for inspection or 
reconditioning, proceed as follows: 





Fig. 4 - Measuring Clearance from Face of 
Pump Body to Side of Rotor 
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l. Refer to Fig. 5 or 6 and remove the two drive 
screws holding the pump cover plate to the pump 
body. Withdraw the cover plate from the pump body. 


2. Remove the inner and outer rotors from the pump 
housing. 


Inspection 


Wash all of the parts in clean fuel oil and dry them 
with compressed air. 


The greatest amount of wear in the oil pump is 
imposed on the lobes of the inner and outer rotors. 


This wear may be kept to a minimum by using clean 
oil. If dirt and sludge are allowed to accumulate in the 
lubricating system, excessive rotor wear may occur in a 
comparatively short period of time. 


Inspect the lobes and faces of the pump rotors for 
scratches or burrs and the surfaces of the pump body 
and cover plate for scoring. Scratches or score marks 
may be removed with an emery stone. 


Measure the clearance between the inner and outer 
rotors at each lobe (Fig. 3). The clearance should not 
be less than .004 " or more than .011 ". Measure the 
clearance from the face of the pump body to the side 
of the inner and outer rotor with a micrometer depth 
gage (Fig. 4). The clearance should be not less than 
.001 ” or more than .0035 ”/. 


Inspect the splines of the inner rotor and the oil pump 
drive gear. If the splines are excessively worn, replace 
the parts. The rotors are serviced as matched sets. 
therefore, if one rotor needs replacing. replace both 
rotors. 


Remove the oil inlet screen from the oil inlet pipe and 
clean both the screen and the pipe with fuel oil and 
dry them with compressed air. Replace the inlet pipe 
flange seal ring with a new seal ring if necessary. 


Assemble Oil Pump 
After the oil pump parts have been cleaned and 
inspected, refer to Fig. 5 or 6 and assemble the pump 


as follows: 


1. Lubricate the oil pump outer rotor with engine oil 
and place it in the pump body. 


2. Lubricate the oil pump inner rotor with engine oil 
and place it inside of the outer rotor. 


3. Place the cover plate on the pump body and align 
the drive screw and bolt holes with the holes in the 
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Fig. 5 - Lubricating Oil Pump Details and Relative Location of Parts (Current) 
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Fig. 6 - Lubricating Oil Pump Details and Relative Location of Parts (Former) 
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Fig. 7 - Removing Oil Pump Drive Gear 


pump body. Since the holes are offset, the cover plate 
can be installed in only one position. 


4. Install two new drive screws to hold the assembly 
together. 


Remove Pump Drive Gear From Crankshaft 


With the lower engine front cover and the lubricating 
oil pump removed from the engine, the oil pump drive 
gear may, if necessary, be removed from the end of 
the crankshaft as follows: 


1. Thread the crankshaft pulley retaining bolt in the 
end of the crankshaft (Fig. 7). 


2. Attach the jaws of a suitable gear puller behind the 
gear and locate the end of the puller screw in the 
center of the pulley retaining bolt. 


3. Turn the puller screw clockwise to remove the gear 
from the crankshaft. 


Install Pump Drive Gear on Crankshaft 


l. Lubricate the inside diameter of a new oil pump 
drive gear with engine oil. Then start the gear straight 
on the crankshaft. Re-installation of a used gear is not 
recommended. 


2. Position the drive gear installer J 8968-01 over the 
end of the crankshaft and against the drive gear and 
force the gear in place as shown in Fig. 8. When the 
end of the bore in the tool contacts the end of the 
crankshaft, the drive gear 15 correctly positioned. 


3. It is important that the press fit of the drive gear to 
the crankshaft be checked to be sure that the gear does 
not slip on the crankshaft. It is recommended the press 
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Fig. 8 - Installing Oil Pump Drive Gear 


fit (slip torque) be checked with tool J 23126. On In- 
line or 6V engines, the drive gear should not slip on 
the crankshaft at 100 lb-ft torque. 


CAUTION: Do not exceed these torques. If the 
gear slips on the shaft, it is suggested that 
another oil pump drive gear be installed. 


Install Oil Pump 


1. The markings on the pump body indicate the 
installation as pertaining to left or right-hand 
crankshaft rotation. Be sure that the letters “UP К.Н.” 
(right-hand rotation engine) or "UP L.H." (left-hand 
rotation engine) on the pump body are at the top 
(Fig. 1). 


2. Insert the six bolts with lock washers (if used) 
through the pump body and thread them into the 
engine front cover. Tighten the bolts to 13-17 lb-ft 
torque. 
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Fig. 9 - Oil Pump Inlet Pipe and Screen 
Details and Relative Location of Parts (In-Line 
Engine) 
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3. Install the lower engine front cover and pump 
assembly on the engine as outlined in Section 1.3.5. 


4. Attach the oil inlet screen to the oil inlet pipe 
support with two lock nuts (6V engine) or two bolts 
and lock washers (Fig. 9). 


5. Use a new gasket and attach the oil pump inlet 
elbow (6V engine) to the under side of the engine 
front cover with the two bolts and lock washers. 


6. Place the oil pump inlet pipe and screen assembly in 
position and fasten the support to the main bearing 
cap with the two bolts and lock washers. 


7. Slide the inlet pipe flange and seal ring against the 


engine front cover (or oil pump inlet elbow on the 6V 
engine) and secure them with the two bolts and lock 
washers. 


CAUTION: On In-line engines, the oil pump 
inlet tube and water by-pass tube seals are the 
same size but of different material. Be sure that 
the correct seal is used. A new oil pump inlet 
tube seal may be identified by its white stripe. 


8. Install the oil pan and refill the crankcase to the 
proper level. 


9. Install the crankshaft pulley, fan pulley, support 
bracket and any other accessories that were attached to 
the front cover. 


8V ENGINE 


The oil pump (Fig. 10) on an 8V engine is mounted 
on the number 4 and 5 main bearing caps. The oil 
pump is driven by the crankshaft timing gear. 


A spring-loaded relief valve, which 15 located in the oil 
pump outlet pipe assembly, by-passes excess oil back 
to the crankcase when the pressure in the engine oil 
gallery exceeds approximately 120 psi. 


Effective with engine 8D-174, a new lubricating oil 
pump and inlet tube is used on the 8V engine. The 
pump has a new cover which supports the ends of the 
drive and driven shafts. The new drive shaft is longer 
and larger in diameter and the new drive gear has a 
larger inside diameter. When replacing an old oil 
pump with a new pump on an engine that has the inlet 
tube assembled to the pump cover, it will be necessary 
to install a new oil pump inlet system. 


Effective with engine 8D-4611. a new high capacity oil 
pump with longer drive and driven gears is used on 
the 8V engines. The high capacity pump must be used 
in combination with the seven hole upper main 
bearing shells. 


NOTE: The new pump can be used with the 
former one hole upper main bearing shells. 


Remove Oil Pump 


1. Remove the bolts and lock washers securing the 
inlet pipe and the bracket to the oil pump. Then 
remove the inlet pipe, screen and bracket as an 
assembly from the pump. 


2. Remove the two bolts and lock washers securing the 
oil pressure relief valve to the oil pump. 


3. Remove the oil pump outlet pipe-to-cylinder block 


bolts. Then remove the relief valve and outlet pipe as 
an assembly from the engine. 


4. Remove the oil pump-to-bearing cap-attaching bolts 
and lock washers and remove the pump assembly from 
the engine. 


NOTE: Shims are used between the oil pump 
mounting feet and the main bearing caps. 
Whenever the original pump from such an 
engine is reinstalled, the same shims or an 
equal number of new (identical) shims must be 
placed under both the front and rear mounting 
feet and the number then adjusted to obtain the 
proper clearance between the gears. 
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Lubricating Oil Pump Mounting (8V 
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Fig. 11 - Oil Pump Gear End Play 
Disassemble Oil Pump 
Remove the four bolts and lock washers and pull the 
cover off of the shafts. Slide the pump gear from the 


pump body cavity. 


Remove the oil pump driven gear by pressing the 
drive shaft through the gear. 


Inspection 

Wash all of the parts in clean fuel oil and dry them 
with compressed air. 

The greatest amount of wear in the oil pump is 


imposed on the internal drive and driven gears. This 
wear may be kept to а minimum by keeping the 
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Fig. 12- Lubricating Oil Pump Details 
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lubricating oil clean and acid-free. If dirt and sludge 
are allowed to accumulate in the lubricating system, 
prounounced gear wear may occur in a comparatively 
short period of time. Proper servicing of oil filters will 
increase the life of the gears. 


Examine the internal gear cavity of the pump body 
and scavenger pump, if used, for wear or scoring. Also 
inspect the pump cover, or the spacer between the 
pump and scavenger bodies, for wear. Replace parts if 
necessary. 


Inspect the bushings in the pump body and cover (or 
scavenging pump body). If the bushings are worn 
excessively, replace the pump and cover (or scavenging 
pump body) unless suitable boring equipment is 
available for finishing the new bushings. When 
installing new bushings, replace all of the bushings in 
the pump bodies. The bushings must be located and 
positioned as shown in Fig. 13. Also, the gear bore 
and the bushing bore in both the pump body and 
scavenging pump body must be concentric within 
001 " total indicator reading. The shaft-to-cover or 
scavenging pump body to bushing clearance with new 
parts is .001 ” to .0027 ”’. 


CAUTION: When installing the spacer between 
the oil pump body and the scavenging pump 
body, be sure the bleed hole is located on the 
discharge side of the oil pump assembly. 


If the driven gear bushings are worn, replace the 
bushings. Then ream the bushings to .625 " diameter 
+ .0005 ” after assembly. 


If the gear teeth are scored or worn, install new gears. 
The use of excessively worn gears will result in low 
engine oil pressure which, in turn, may lead to serious 
damage throughout the engine. 


DRIVEN 
BUSHING 


ОЦ. PUMP 
BUSHING GEARS 


and Relative Location of Parts (8V Engine) 
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Oil Pump 4.1 
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GROOVES INSIDE AS SHOWN. 





Fig. 13 - Diameter and Location of Bushings in Oil Pump Body 


Inspect the external pump drive-driven gear for wear 
and replace it, if necessary. 


Inspect the pump shafts for wear and check the 
keyways. Replace the shafts if necessary. 


Check to be sure the pressure relief valve moves freely 
in the valve housing. Replace it if necessary. 


Replace a pitted or fractured spring. 


Assemble Oil Pump 


Install the oil pump driven shaft and pump gear in the 
pump body. Install the other pump gear on the shaft 
in the pump cavity (Fig. 12). 


Mount the cover on the two shafts, and fasten the 
cover on the pump with four bolts and lock washers. 


Install a Woodruff key, if previously removed, in the 
shaft. Press the drive gear over the key on the shaft 
and place .006 " feeler stock between the gear and 
body. Press the gear on the shaft until the clearance 


between the gear and the pump body is 004” to 
006 " (Fig. 11). 


Install Oil Pump 


1. Place the pump on the number 4 and 5 main 
bearing caps and, with shims in place, fasten the pump 
to the main bearing caps with four bolts and lock 
washers. Proper gear clearance is from .005 ” - 007”. 


CAUTION: Always check the clearance between 
the crankshaft gear and the oil pump driving 
gear with the engine in the upright or running 
position. 


2. Attach new gaskets to the oil pressure relief valve 
housing and fasten it to the pump and cylinder block 
with four bolts and lock washers. 


3. Place a new gasket under the oil pump inlet pipe 
and fasten it to the pump body with two bolts and lock 
washers. 


4. Fasten the oil pump screen bracket to the oil pump 
cover with two bolts, lock washers and nuts. 


——————————————————————————————————————————— M ———— o M — —— 


July, 1972 SEC. 4.1 Page 7 


DETROIT DIESEL 53 


4.1.1 





LUBRICATING OIL PRESSURE REGULATOR 


IN-LINE AND 6V ENGINES 


Stabilized lubricating oil pressure is maintained within 
the engine at all speeds. regardless of oil temperature, 
bv a pressure regulator valve installed in the engine 
lower front cover as shown in Figs. | and 2. 


The regulator assembly consists of a hollow piston 
type valve. a spring, gasket and plug. The valve is 
located in an oil gallery within the lower front cover 
and is held tight against a counterbored valve seat by 
the valve spring and plug. When the oil pressure 
exceeds a given value as shown in the following chart. 
the valve is forced from its seat and the lubricating oil 
is by-passed into the engine oil pan. 





Valve Opening 









Engine | Front Cover Pressure 
(psi) 
Former 78 
In-line 





Current 
















Current 


Under normal conditions. the pressure regulator valve 


should require very little attention. If sludge 
accumulates in the lubrication system. the valve may 
not work freely, thereby remaining open or failing to 
open at the normal operating pressure. 


` OIL COOLER 
BY- -) VALVE p- 


| | 198 
IDENTIFICATION 1 
MARKS 


OIL PRESSURE 


е 
TY 


- Location of Current Oil Pressure 
In-line Engine Shown 


Fig. 1 
Regulator Valve -- 








OIL COOLER 
* BY. PASS VALVE 


ОҢ PRESSURE 
REGULATOR 


Location of Former Oil Pressure 
6V Engine Shown 


Fig. 2 - 
Regulator Valve -- 


Whenever the lubricating oil pump is removed for 
inspection, the regulator valve and spring should also 
be removed, thoroughly cleaned in fuel oil and 
inspected. 


Remove Oil Pressure Regulator 


1. Remove the plug and washer from the engine lower 
front cover. 


2. Withdraw the spring and the valve from the cover. 
Inspection 


Clean all of the regulator parts in fuel oil and dry 


them with compressed air. Then inspect the parts for 
wear or damage. 


The regulator valve must move freely in the valve 
bore. If the valve is scored and cannot be cleaned up 
with crocus cloth. it must be replaced. 


Replace a fractured or pitted spring. 


Install Oil Pressure Regulator 


l. Apply clean engine oil to the outer surface of the 
valve and slide it into the opening in the engine lower 
front cover (closed end first). 


2. Install a new copper gasket on the plug. 


3. While compressing the spring, start the plug in the 
side of the cover: then tighten the plug. 
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8V ENGINE 


The lubricating oil pressure regulator is located in the 
engine front cover (Fig. 3). 


A regulator assembly consists of a piston type valve, a 
spring, a plug and gasket. 


When the oil pressure at the valve exceeds 52 psi, the 
valve is forced from its seat and oil from the gallery 
passage in the front cover is by-passed to the 
crankcase. 

Whenever the lubricating oil pump is removed for 
inspection, the regulator valve and spring should also 


be removed, thoroughly cleaned in fuel oil and 
inspected. 


Remove Oil Pressure Regulator 


1. Remove the plug and gasket from the engine front 
cover. 


2. Withdraw the spring and valve from the cover. 


Inspection 


Clean the parts thoroughly in fuel oil. dry them with 
compressed air and inspect them. 


Check to be sure the regulator valve moves freely in 
the engine cover valve bore. If the valve is scored and 
cannot be cleaned up with crocus cloth, it must be 
replaced. 


Replace a pitted or fractured spring. 


ENGINE 


4 REGULATOR 


e 
‚ОҢ COOLER 


BY-PASS 
VALVE 


4177 





Fig. 3 - Location of Oil Pressure Regulator (8V 
Engine) 


Install Oil pressure Regulator 

l. Apply clean engine oil to the outer surface of the 
valve and slide it into the opening in the engine front 
cover (closed end first). 


2. Install a new copper gasket on the plug. 


3. While compressing the spring, start the plug in the 
side of the cover: then tighten the plug. 
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LUBRICATING OIL FILTERS 


Series 53 engines are equipped with a full-flow type 
lubricating oil filter. A by-pass type oil filter may be 
used in addition to the full-flow type filter when 
additional filtration is desired. 


Full-Flow Oil Filter 


The full-flow type lubricating oil filter (Fig. 1) is 
installed ahead of the oil cooler in the lubrication 
system. On the two and three cylinder models, the oil 
filter shell is mounted in a downward or rearward 
position unless an adaptor is used to provide optional 
mounting positions. On the four cylinder models, the 
oil filter may be mounted with the filter shell up, down 
or toward the rear, except when on the blower side of 
the engine where the down and rearward positions are 
optional. On V-type engines, the filter is mounted at 
an angle down and towards the rear of the engine. 


CAUTION: Do not reverse the flexible oil filter 
hoses at the filter hose adaptor on 6V and 8V 
marine engines equipped with a remote 
mounted lubricating oil filter. Refer to Fig. 2 
for the proper installation of the hoses. 


The filter assembly consists of a replaceable element 
enclosed within a shell which is mounted on an 
adaptor or base. When the filter shell is in place, the 
element is restrained from movement by a coil spring. 


EXHAUST 
MANIFOLD 


ITN i A ‚ f^ 


Won COOLER 
Y 


n Olt FILTER] 
= “=. 


dac Yi с 
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Fig. 1 - Typical Full-Flow Oil Filter Mounting 
(6V Engine Shown) 








ADAPTOR 


FILTER ly FULL FLOW 
OuT OIL FILTER 


REVERSE 4299 
REDUCTION 
ADAPTOR GEAR 


Fig. 2 - Proper Installation of Flexible Oil Filter 
Hoses 


АП of the oil supplied to the engine by the oil pump 
passes through the filter before reaching the various 
moving parts of the engine. The oil is forced by pump 
pressure through a passage in the filter base to the 
space surrounding the filter element. Impurities are 
filtered out as the oil is forced through the element to 
a central passage surrounding the center stud and out 
through another passage in the filter base and then to 
the oil cooler. 


A valve, which opens at approximately 18-21 psi, is 
located in the filter base on engine mounted filters or 
in the hose adaptor (7/8 hoses) with a remote 
mounted filter and will by-pass the oil directly to the 
oil cooler should the filter become clogged. 


By-Pass Oil Filter 


When additional filtration 1s desired, an oil filter of 
the by-pass type (Fig. 3) may also be installed on the 
engine. However, the size of the orifice on the discharge 
side of the filter must not exceed .062 ” to control the oil 
flow rate and to provide sufficient oil pressure when 
the engine is running at idle speed. 


When the engine is running, a portion of the 
lubricating oil is bled off the oil gallery and passed 
through the by-pass filter. Eventually all of the oil 
passes through the filter, filtering out fine foreign 
particles that may be present. 
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The by-pass filter assembly consists of a replaceable 
element contained in a shell mounted on a 
combination base and mounting bracket. When the 
shell is in place, the filter element is restrained from 
movement by a coil spring at the top. A hollow center 
stud serves as the outlet passage from the filter as well 
as securing the shell to the base. 


On certain models, the filter assembly consists of a 
replaceable element contained in a shell and sealed in 
place by a cover. This type of filter assembly 
incorporates a mounting bracket attached to the filter 
shell. A hollow center stud serves as the outlet passage 
from the filter as well as positioning the filter element. 


Oil Filter Maintenance 


With the use of detergent lubricating oils, the color of 
the lubricant has lost value as an indicator of oil 
cleanliness or proper filter action. Due to the ability of 
the detergent compounds to hold minute carbon 
particles їп suspension. heavy duty oils will always 
appear dark colored on the oil level dipstick. 


Heavy sludge deposits found on the filter elements at 
the time of an oil change must be taken as an 


indication that the detergency of the oil has been 
exhausted. When this occurs, the oil drain interval 
should be shortened. The removal of abrasive dust, 
metal particles and carbon must be ensured by 
replacement of the oil filter elements at the time the 
engine oil is changed. 


Selection of a reliable oil supplier, strict observation of 
his oil change period recommendations and proper 
filler maintenance will ensure trouble-free lubrication 
and longer engine life. 


Replace Oil Filter Element 


Replace the element in either the full-flow or by-pass 
type oil filter assembly (Figs. 3 and 4) as follows: 


1. Remove the drain plug from the filter shell or the 
filter adaptor or base and drain the oil. If a type S-6 
filler assembly is used, oil may be removed with a 
sump pump after the cover and element are removed. 


2. Back out the center stud or the cover nut and 
withdraw the shell, element and stud as an assembly. 
Discard the filter element and the shell gasket. 
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Fig. 3 - By-Pass Oil Filter Details 
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CENTER STUD GASKET 


Sioa 5 


DRAIN PLUG SHELL 


Fig. 4 - 


3. Remove the center stud and gasket. Retain the 
gasket unless it is damaged and oil leaks occurred. 


4. Remove the nut or snap ring on the full-flow filter 
center stud. 


NOTE: The center stud on the current full-flow 
oil filter has been revised by removing the snap 
ring groove and increasing the 5/8 "-18 thread 
length approximately 1/2 ". To conform with 
this change, a 5/8 "-18 nut replaces the snap 
ring formerly used to retain the filter spring 
and seal. 


5. Examine the element retainer seal (Fig. 3) for 
hardening or cracks. If necessary, replace the seal. 


6. Clean the filter shell and the adaptor or base. 


7. Install the center stud gasket and slide the stud (with 
the spring, washer, seal and retainer installed on the 
full-flow filter) through the filter shell. 


8. Install a new shell gasket in the filter adaptor or 
base. 


NOTE: Before installing the filter shell gasket. 
be sure all of the old gasket material is 
removed from the filter shell and the filter 
adaptor or base. Also make sure the gasket 
surfaces of the shell and the adaptor or base 
have no nicks, burrs or other damage. 


9. Position the new filter element carefully over the 
center stud and within the shell. Then place the shell, 
element and stud assembly in position on the filter 
adaptor or base and tighten the stud to 50-60 lb-ft 
torque. 


10. Install the drain plug. 


WASHER 





Oil Filters 4.2 
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Full Flow Oil Filter Details and Relative Location of Parts 


11. Start and run the engine for a short period and 
check for oil leaks. After any oil leaks have been 
corrected and the engine has been stopped long 
enough (approximately ten minutes) for the oil from 
various parts of the engine to drain back to the 
crankcase, add sufficient oil to bring it to the proper 
level on the dipstick. 


Remove and Install By-pass Valve 


1. Remove the four bolts and washers and detach the 
filter adaptor or filter junction housing from the oil 
cooler adaptor (Fig. 4). 


2. Remove the plug and gasket (Fig. 5) or the screw 
and retainer (Fig. 6) and withdraw the spring and by- 
pass valve. 





FORMER BY-PASS VALVE 


CURRENT BY-PASS VALVE 





Fig. 5 - By-Pass Valve Assembly Secured by 


Plug 
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Fig. 6 - By-Pass Valve Assembly Secured by 
Retainer and Screw 


3. Wash all of the parts in clean fuel oil and dry them 
with compressed air. 


4. Inspect the parts for wear. If necessary, install new 
parts. 
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5. Reassemble and intall the by-pass valve. Use only 
the current by-pass valve and spring (Fig. 5) for 
service. The current thicker valve and stiffer spring 
increase the by-pass pressure from 13-18 psi to 18-21 
psi to permit more efficient filtration. A thicker valve, 
stronger spring, heavier retainer and a longer 
retaining screw are currently used in the by-pass valve 
assembly shown in Fig. 6. The filter adaptors and 
filler junction housings have been revised by 
deepening the valve cavity to accommodate the thicker 
valve and related parts. 


6. Use a new gasket and install the filter adaptor or 
filter junction housing. 


CAUTION: The small protrusion on the gasket 
must mate with the boss on the filter adaptor 
regardless of the position in which the filter is 
assembled. If the gasket is not correctly 
positioned, the flow of oil will be obstructed. 
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LUBRICATING OIL COOLER 


Engine oil coolers are provided for all engines with the 
exception of certain 2-cylinder models which do not 
include or require an oil cooler. The oil cooler is 
mounted on the side of the cylinder block at the lower 
front corner (Fig. 1). 


To assure engine lubrication should the oil cooler 
become plugged, a by-pass valve located near the top 
of the lower engine front cover by-passes oil from the 
oll pump discharge port directly to the oil galleries in 
the cylinder block. The by-pass valve opens at 
approximately 52 psi (current In-line engines), 30 psi 
(former In-line engines) or 52 psi (6V and 8V engines). 
The valve components are the same as and serviced in 
the same manner as the oil pressure regulator valve in 
Section 4.1.1. 


NOTE: The by-pass valve opens at approx- 
imately 32 psi on 6V marine engines prior to 
engine number 60-11074 and all 6V engines ` 
prior to engine number 6D-17960. 


Cooling water circulated. through the oil cooler 
completely surrounds the oil cooler core. Therefore, 
whenever an oil cooler is assembled. special care must 
be taken to have the proper gaskets in place and the 
retaining bolts tight to assure good sealing. 


he oil cooler housing on an In-line engine is attached 
i0 an oil cooler adaptor which. in turn, is attached to 
the cylinder block. The flow of oil is from the oil 


Д O!L FILTER 


Fig. 1- Typical Oil Cooler Mounting (6V-53 
Engine Shown) 





pump through a passage in the oil cooler adaptor to 
the full flow oil filter, which is also mounted on the oil 
cooler adaptor, and then through the oil cooler core 
and the cylinder block oil galleries. 


The oil cooler housing on a V-type engine 15 attached 
directly to the cylinder block. 


Remove Oil Cooler Core 


1. Drain the cooling system by opening the drain cock 
at the bottom of the oil cooler housing. 


2. Remove any accessories or other equipment 
necessary to provide access to the cooler. 


3. On In-Line or 6V engines, loosen and slide the 
clamps and hose back on the water inlet elbow on the 
cylinder block. On 8V engines, remove the bolt and 
lock washer attaching the water outlet flange and seal 
ring to the cylinder block. 


4. Loosen and slide the clamps and hose back on the 
tube leading from the thermostat to the water pump. 


5. Remove the bolts and lock washers which attach the 
water pump to the oil cooler housing. 


6. Matchmark the end of the oil cooler housing. cooler 
core and adaptor with a punch or file so they can be 
reinstalled in the same position. 


7. Remove the bolts and lock washers which attach the 
oil cooler housing to the adaptor or cylinder block and 
remove the housing and core as an assembly. Be 
careful when withdrawing the assembly not to drop or 
damage the cooler core. 








Fig. 2 - Preparing Oil Cooler Core for Pressure 
Test 
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Fig. 3 - Oil Cooler Details and Relative Location of Parts (In-Line Engine) 


8. If the adaptor (In-line engine) is to be removed, the cylinder block. Withdraw the adaptor and gaskets. 
oil filter must first be removed. Then remove the bolts 9. Remove all traces of gasket material from the 
and lock washers which attach the adaptor to the cylinder block and the oil cooler components. 


GASKET 


HOUSING 


DRAIN COCK 





Fig. 4 - Oil Cooler Details and Relative Location of Parts (6V or 8V engine) 
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Clean Oil Cooler Core 


1. Clean oil side of Core - Remove the core from the oil 
cooler. Circulate a solution of trichloroethylene 
through the core passages with a force pump to 
remove the carbon and sludge. 


CAUTION: This operation should be done in the 
open or in a well ventilated room when 
trichloroethylene or other toxic chemicals are 
used for cleaning. 


Clean the core before the sludge hardens. If the oil 
passages are badly clogged, circulate an Oakite or 
alkaline solution through the core and flush thor- 
oughly with clean, hot water. 


2. Clean water side of Cooler - After cleaning the oil 
side of the core, immerse it in the following solution: 
Add one-half pound of oxalic acid to each two and 
one-half gallons of solution composed of one third 
muriatic acid and two-thirds water. The cleaning 
action 15 evidenced by bubbling and foaming. 


Watch the process carefully and, when bubbling stops 
(this usually takes from 30 to 60 seconds), remove the 
core from the cleaning solution and thoroughly flush it 
with clean, hot water. After cleaning, dip the core in 
light oil. 


NOTE: Do not attempt to clean an oil cooler 
core when ап engine failure occurs in which 
metal particles from worn or broken parts are 
released into the lubricating oil. Replace the oil 
cooler core. 


Pressure Check Oil Cooler Core 


After the oil cooler core has been cleaned, check for 
leaks as follows: 


l. Make a suitable plate and attach it to the flanged 
side of the cooler core. Use a gasket made from 
rubber to assure a tight seal. Drill and tap the plate to 
permit an air hose fitting to be attached at the inlet 
side of the core (Fig. 2). 


2. Attach an air hose, apply approximately 75-150 psi 
air pressure and submerge the oil cooler core and plate 
assembly in a container of water heated to 180 °F. Any 
leaks will be indicated by air bubbles in the water. If 
leaks are indicated, replace the core. 


CAUTION: When making this pressure test be 
sure that personnel are adequately protected 
against any stream of pressurized water from a 
leak or rupture of a fitting, hose or the oil 
cooler core. 


3. After the pressure check is completed, remove the 
plate and air hose from the cooler core, then dry the 
core with compressed air. 


NOTE: In cases where a leaking oil cooler core 
has caused contamination of the engine, the 
engine must be immediately flushed to prevent 
serious damage (refer to Section 5). 


install Oil Cooler Core 


1. If the oil cooler adaptor (In-Line engines) was 
removed from the cylinder block, remove the old 
gasket material from the bosses where the adaptor sets 
against the block. Affix new adaptor gaskets (Fig. 3), 
then secure the adaptor to the cylinder block with five 
bolts and lock washers. 


2. Clean the old gasket material from both faces of the 
core flange and affix new gaskets to the inner and 
outer faces (Figs. 3 and 4). Insert the core into the 
cooler housing. 


NOTE: The inlet and outlet openings in the oil 
cooler core are stamped "IN" and "OUT". It is 
very important that the core be installed in the 
correct position to prevent any possibility of 
foreign particles and sludge, which may not 
have been removed in cleaning the fins of the 
core, entering and cirulating through the 
engine. 


3. Align the matchmarks previously placed on the core 
and housing and install the oil cooler core in the oil 
cooler housing. 


4. With the matchmarks in alignment, place the oil 
cooler housing and core against the oil cooler adaptor 
(In-Line engines) or cylinder block (6V or 8V engines). 
On 8V engines, slide the water outlet flange and a new 
seal ring over the outlet. Then secure the housing in 
place with bolts and lock washers. Tighten the bolts to 
13-17 lb-ft torque. On 8V engines, secure the outlet 
flange in place with two bolts and lock washers. 


5. Slide the hose and clamps in position between the 
cylinder block water inlet elbow and the oil cooler. 
Secure the clamps in place. 


6. Place a new gasket between the fresh water pump 
and the cooler housing and secure the pump to the 
cooler housing. 


7. Position the hose and clamps in place between the 
water pump and the tube to the thermostat housing. 
Secure the clamps. 


8. Install all of the accessories or equipment it was 
necessary to remove. 
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9. Reinstall the oil filter (In-Line engine). cooler housing is closed. Then fill the cooling system to 
the proper level. 
10. Make sure the draincock in the bottom of the 
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OIL LEVEL DIPSTICK 


A steel ribbon type oil level dipsuck is mounted in an 
adaptor on the side of the engine (Fig. 1) to check the 
amount of oil in the engine oil pan. The dipstick has 
markings to indicate the Low and Full oil level. 


NOTE: On 8У engines, effective with 8D-468, а 
new dipstick, adaptor and guide combination is 
employed to raise the full mark on the dipstick 
approximately two (2) quarts. When replace- 
ment of any part of the combination is required 
on an early engine. the complete new combina- 
tion 15 necessary. 





The engine should not be operated if the oil level is 
below the Low mark and no advantage is gained by 


having the oil quantity above the Full mark. Start and Fig. 1 - Typical Oil Dipstick Mounting 

operate the engine for ten minutes to fill the oil filter, 

oil passages. etc, then stop the engine. After the minutes, add oil as required to bring the oil level up to 
engine has been stopped for a minimum of ten the full mark on the dipstick. 
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OIL PAN 


The oil pan may be made of steel, cast iron or cast 
aluminum. A shallow or deep sump type oil pan is 
used, depending upon the particular engine applica- 
поп. A one-piece oil pan gasket is used with stamped 
steel pans. A four-piece gasket is used with the cast oil 
pans. 


Removing and Installing Oil Pan 


On some engine applications, it may be possible to 
remove the oil pan without removing the engine. It is 
recommended that if the engine is to be taken out of 
the unit, the oil pan be left in place until the engine is 
removed. 


The procedure for removing the oi] pan without taking 
the engine out and after taking the engine out of the 
unit will vary. However, the following will generally 


apply. 


і. Remove the drain plug and drain the engine 
lubricating oil. 


2. Detach the oil pan; take precautions to avoid 
damaging the oil pump inlet pipe and screen. 


NOTE: Stamped oil pans used on some marine 
engines have a layer of lead or cadmium 
beneath the paint to protect the pans against 
the salt water atmosphere encountered in some 
marine applications. If this coating is scuffed or 
broken unknowingly. corrosion or electrolysis 
may result. Electrolysis in the form of small 
holes will eat through the pan at the scuffed 
area. Therefore. do not rest. slide or rock the 
engine on its oil pan when removing it. Every 
precaution should be taken before installation 
to prevent nicks and scratches on stamped 
marine oil pans. Also exercise care when 
performing engine repairs to avoid scratching 
the outer surface of the oil pan. 


3. Remove the oil pan gasket completely. 





OIL PAN 





Fig. 1 - Typical Oil Pan 


4. Clean the oil pan with a suitable solvent and dry it 
with compressed air. 


5. [nspect a cast oil pan for porosity or cracks. Check a 
stamped oil pan for large dents or breaks in the metal 
which may necessitate its repair or replacement. Check 
for misaligned flanges or raised surfaces surrounding 
the bolt holes by placing the pan on a surface plate or 
other large flat surface. 


6. When replacing the pan. use a new gasket and 
üghten the bolts evenly to avoid damaging the gasket 
or springing the pan. 


7. On 8V engines. if the oil pan and flywheel housing 
include outriggers for the installation of reinforcement 
bolts. be sure the oil pan butts up against the flywheel 
housing before ughtening the oil pan bolts. Install and 
tighten the 1/2" -13 reinforcement bolts. 


8. Install and tighten the oil drain plug. Tighten the 
plug (with nylon washer) to 25-35 lb-ft torque. 
Replenish the lubricating oil supply and. after the 
engine is started, check for leaks. 
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VENTILATING SYSTEM 


Harmful vapors which may be formed within the 
engine are removed from the crankcase, gear train 
and valve compartment by a continuous, pressurized 
ventilating system. 


A slight pressure is maintained in the engine 
crankcase by the seepage of a small amount of air 
from the airbox past the piston rings. This air sweeps 
up through the engine and is drawn off through a 
crankcase breather. 


In-line engines are equipped with a breather assembly 
attached to the valve rocker cover (Fig. 1) or a 
breather assembly mounted on the flywheel housing 
(Fig. 2). 


On 6V engines. a breather assembly is mounted on the 
upper engine front cover (Fig. 3). 


The 8V engines have a breather tube attached to the 
valve rocker cover and a breather (with a filter pad) 
mounted on the governor. However, the marine 
engines did not include a filter pad until engine serial 
number 8D-2701 (Fig. 4). Early 8V engines were 
equipped only with a breather assembly mounted on 
the governor housing. 


Service 


It is recommended that the breather tube be inspected 
and cleaned, if necessary. to eliminate the possibility 


Ak mee BREATHER 


< 
5 
bo 





Fig. 1 - Typical Crankcase Breather Mounting 
(In-Line Engine) 


of clogging. This can best be done by removing the 


tube from the engine. washing it with a suitable 
solvent and drying it with compressed air. 


The wire mesh pad (element) in the breather 
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Fig. 2 - Crankcase Breather Mounting and Details (In-Line Engine) 





December, 1970 SEC. 4.8 Page 1 


4.8  Ventilating System 


UPPER ENGINE 
FRONT COVER 


BREATHER 
TUBE 





DETROIT DIESEL 53 


GASKET 


CLAMPS 
А 
@ 


à 


HOSE 
NIPPLE 


BREATHER 
TUBE 


Fig. 3 - Typical Crankcase Breather Mounting and Details (6V-53 Engine) 


assemblies should be cleaned if excessive crankcase 
pressure is observed. 





Fig. 4 - Typical Breather Mountings (8V-53 
Engine) 


If it is necessary to clean the element, remove the 
breather housing from the flywheel housing (In-line 
engines), or the upper front cover (6V engines), or the 
governor housing and/or valve rocker cover (8V 
engines). 


Wash the element in fuel oil and dry it with 
compressed air. 


Reinstall the element in the breather housing, the 
upper front cover or the governor housing and/or the 
valve rocker cover and install them by reversing the 
procedure for removal. 


NOTE: When the limiting speed governor 
assembly or the governor housing is replaced 
on an early 8V engine, it will be necessary to 
include the current thicker breather element. 
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SHOP NOTES - SPECIFICATIONS - SERVICE TOOLS 


SHOP NOTES 


REWORK INSTRUCTIONS FOR 6V-53 OIL PUMP INLET TUBE SUPPORTS 


When replacing the cylinder block or main bearing 
caps on an early engine, it will be necessary to either 
replace the oil inlet tube support or elongate the bolt 
holes in the support (Fig. 1) and use new support 
attaching parts. 


.38 
BOTH ENDS 


FORMER 
' Wi" DIA. HOLE 





In the old bearing caps, the holes were tapped 5/16" - 
18 with 1.68" between centers. In the new bearing 
caps, the holes are tapped 3/8" - 16 with 2.24" 
between centers. 


.40 
2 SLOTS zs 


Fig. 1 - Oil Inlet Tube Supports 


REWORKING 6V-53 CAST IRON OIL PAN FOR USE WITH CURRENT OIL PUMP INLET 


TUBE 


When the seven hole upper main bearing shells 
(Secuon 1.3.4) are used in 6V marine engines prior to 
6D-11074 and all 6V engines prior to 6D-17960, a 
1-3/8" diameter lubricating oil pump inlet tube must 
be used rather than the former 1" diameter inlet tube. 
To conform with the increased diameter of the oil 
pump inlet tube, the cast iron oil pan must be 
reworked to provide installation clearance by reducing 
the height of the integral cast baffle approximately 
44" (Fig. 2). 





Fig. 2 - Rework Sketch for a Cast Iron Oil Pan 
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4.0 Service Tools DETROIT DIESEL 53 


SPECIFICATIONS 


STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


THREAD TORQUE THREAD TORQUE 
SIZE (Ib-ft) SIZE (Ib-ft) 
TAA CLO ice tette bc e 7-9 9716-12: Lis cA Er a doses 90-100 
ТУА 228. qoem ананын Cep Ea 8-10 QPL GAB: аат 107-117 
DATOS. а аа R beet pda 13-17 5/8 «Ml. uetus ЕЕЕ ЧӨЙ 137-147 
5716:24 x ung инн ш Мааа: 15-19 OLB eSB.” ditm калый ыы i u 168-178 
сс ШООК ҮКҮ СТО УОЛ 30-35 SIG 10. as essc s e deed eet 240-250 
318 ОД aos ede peer ets 35-39 3AE-16: ueterem Ate керы рый 290-300 
PANGAN ЖАННИ dass ete siet bel 46-50 ОРЕ teles epulo utat 410-420 
7116-20 шийи ушел event ete 57-61 PEO GAIA аА Е EL eat 475-485 
МОЛЕКУ" 15 dard ug set t E . 71-75 ЖЕТЕК Л ОКК piede p 580-590 
РОИ PCR DET ле керы лы ы ЫЫ] laine 83-93 MEC MN Oen 685-695 


EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


APPLICATION TORQUE 
(Ib-ft) 


Oil filter center stud |... RR ess ssec m 40-50 
ажаа 25-35 


SERVICE TOOLS 


TOOL NAME TOOL NO. 
Crankshaft and oil pump gear puller ........... sss J 3051 
Oil pump drive gear installer |... sse аа арб Ј 8968-01 
Oil pump drive gear adaptor |... sss e ee rennen J 23126 
Two-arm steel grip puller ........ TEE J 8174 
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COOLING SYSTEM 


To effectively dissipate the heat generated by the 
engine, one of three different types of cooling systems 
is used on a Series 53 engine: radiator and fan. heat 
exchanger and raw water pump. or keel cooling. A 
centrifugal type water pump is used to circulate the 
engine coolant in each system. Each system incorpo- 
rates thermostats to maintain a normal operating 
temperature of 160° - 185 °F. Typical In-line and 
V-type engine cooling systems are shown in Figs. | 
and 2. 


Radiator and Fan Cooling System 


The engine coolant is drawn from the lower portion of 
the radiator by the water pump and is forced through 
the oil cooler and into the cylinder block. 


From the cylinder block. the coolant passes up through 
the cylinder head(s) and, when the engine is at normal 
operating temperature, through the thermostat hous- 
ing(s) and into the upper portion of the radiator. Then 
the coolant passes down a series of tubes where the 
coolant temperature is lowered by the air stream 
created by the revolving fan. 


Upon starting a cold engine or when the coolant is 


below operating temperature. the coolant is restricted 
at the thermostat housing(s) and a by-pass provides 
water circulation within the engine during the warm- 
up period. 


Heat Exchanger Cooling System 


In the heat exchanger cooling system, the coolant is 
drawn by the fresh water pump from the lower portion 
of the expansion tank through the engine oil cooler. 
then through the engine the same as in the radiator 
and fan system. Upon leaving the thermostat housing. 
the coolant either passes through the heat exchanger 
core or by-passes the heat exchanger and flows directly 
to the water pump. depending on the coolant 
temperature. 


While passing through the core of the heat exchanger. 
the coolant temperature is lowered by raw water. 
which is drawn by the raw water (sea water) pump 
from an outside supply. The raw water enters the heat 
exchanger at one side and is discharged at the 
opposite side. 


To protect the heat exchanger element from 
electrolytic action, a zinc electrode is located in both 
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Fig. 1 - Typical Cooling System for an In-Line Engine 


the heat exchanger inlet elbow and the raw water 
pump inlet elbow and extends into the raw water 
passage. 


Keel Cooling System 


The keel cooling system is similar to the heat 
exchanger system. except that the coolant temperature 
is reduced in the keel cooler. In this system the coolant 


is drawn by the fresh water pump from the lower 
portion of the expansion tank through the engine oil 
cooler. From the cooler the flow is the same as in the 
other systems. Upon leaving the thermostat housing. 
the coolant is by-passed directly to the lower portion 
of the expansion tank until the engine operating 
temperature. controlled by the thermostat, is reached. 
As the engine temperature increases, the coolant is 
directed to the keel cooler. where the temperature of 
the coolant is reduced before flowing back to the 
expansion tank. 


ENGINE COOLING SYSTEM MAINTENANCE 


Engine Coolant 
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The function of the engine coolant 15 to absorb the 
heat, developed as a result of the combustion process 
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Fig. 2 - Coolant Flow Through a 6 or 8V Engine 


in the cylinders, from component parts such as exhaust 
valves, cylinder liners and pistons which аге 
surrounded by water jackets. In addition, the heat 
absorbed by the oil is also removed by the engine 
coolant when oil to water oil coolers are used. Refer to 
Section 13.3 for coolant recommendations. 


Cooling System Capacity 


The capacity of the basic engine cooling system 
(cylinder block, head, thermostat housing and oil 
cooler housing) is shown in the Table. 


To obtain the complete amount of coolant in the 
cooling system of a unit, the additional capacity of the 
radiator. hoses. etc. must be added to the capacity of 
the basic engine. The capacity of the radiator and 
related equipment should be obtained from the 
equipment supplier. or the capacity of a particular 
cooling system may be determined by filling the 
system with water, then draining and measuring the 
amount required. 
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COOLING SYSTEM CAPACITY CHART 
(BASIC ENGINE) 





ENGINE CAPACITY (Quarts) 





Fill Cooling System 


Before starting the engine, close all of the drain cocks 
and fill the cooling system with water. If the unit has a 
raw water pump, it should be primed. since operation 
without water may cause impeller failure. The use of 
clean. soft water will eliminate the need for de-scaling 
solutions to clean the cooling system. A hard mineral- 
laden water should be made soft by using water 
softener chemicals before it is poured into the cooling 
system. These water softeners modify the minerals in 
the water and greatly reduce or eliminate the 
formation of scale. 


Start the engine and, after normal operating 
temperature has been reached. allowing the coolant to 
expand to its maximum, check the coolant level. The 
coolant level should be within 2 ” of the filler neck. 


Excessive amounts of air in the cooling system may 
hinder the flow of water due to pump cavitation or 
result in hot spots when air collects at low velocity 
points in the water passages. Therefore, whenever the 
cooling system is filled or make-up water is added, the 
air must be thoroughly vented from the system. The 
thermostat housing(s) on the Series 53 engines 
provides a vent hole to release the air to the 
atmosphere while the cooling system is being filled. In 
addiuon. the cooling system should be vented at the 
lime normal operating temperature is reached after 
starting the engine and again after the engine has 
been in operation for 30 to 45 minutes. 


Should a dailv loss of coolant be observed, and there 
are no apparent leaks. there is a possibility of gases 
leaking past the cvlinder head water seal rings into the 
cooling system. The presence of air or gases in the 
cooling system may be detected by connecting a 
rubber tube from the overflow pipe to a water 
container. Bubbles in the water in the container during 
engine operation will indicate this leakage. Another 
method for observing air in the cooling system is by 
inserting a transparent tube in the water outlet line. 
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COOLANT DRAIN VALVES 








Oil Cooler or 
Coolant Inlet 
Side of Block 


Side of Block 
Opposite Oil 
Cooler or 
Coolant inlet 





Bottom of oil cooler 
or coolant inlet 


Bottom of oil cooler 
and coolant inlet 


Bottom of oil cooler, 
coolant inlet, and 
behind blower drive 
or governor near rear 


of block 


Bottom of oil cooler, 
coolant inlet, and 
side of block near 


*Water hole cover 
near front of block 


Just forward of 
blower mounting pad 


Behind blower drive 
or governor near 
rear of block 


Water hole cover 
between hand hold 
covers and side of 





block near rear end 


rear end 


Bottom of oil cooler, | Side of block near 

and side of block front end and below 

near rear end center of air box 
cover 





*Most industrial units contain a 1/8" pipe plug at 
this location. 


Drain Cooling System 


Drain the cooling system by opening the cylinder 
block and radiator (or heat exchanger) drain cocks and 
removing the cooling system filler cap. Removal of the 
filler cap permits air to enter the cooling passages and 
the coolant to drain completely from the system. 


Drain cocks are located as indicated in the coolant 
drain valve chart. Radiators that do not have a drain 
cock are drained through the oil cooler housing drain. 


If freezing weather 15 anticipated and the engine is not 
protected by antifreeze, drain the cooling system 
completely when the engine is not in use. Leave all of 
the drain cocks open unul the cooling system is 
refilled. Should any entrapped water in the cylinder 
block, radiator or other engine parts freeze. it will 
expand and may result in damage to the engine. 


Marine engine exhaust manifolds are cooled bv the 
same coolant used in the engine. Whenever the engine 
cooling system is drained, open the exhaust manifold 
drain cocks. 


Raw water pumps are drained by loosening the cover 
attaching screws and tapping the cover gently to 
loosen it. After the water has drained. tighten the 
screws. 
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Flushing 


If a coolant filter is used and properly maintained, the 
cooling system need not be flushed. Otherwise, the 
cooling system should be flushed each spring and fall. 
The flushing operation cleans the system of antifreeze 
solution in the spring and removes the summer rust 
inhibitor in the fall, cleaning the system for the next 
solution. The flushing operation should be performed 
as follows: 


1. Drain. the previous season's solution from the 
engine. 


2. Refill with soft clean water. 


CAUTION: If the engine is hot, fill slowly to 
prevent rapid cooling and distortion of the 
engine castings. 


3. Start the engine and operate it for 15 minutes to 
thoroughly circulate the water. 


4. Drain the unit completely. 


5. Refill with the solution required for the coming 
season. 


Cooling System Cleaners 


If the engine overheats, and the fan belt tension and 
water level have been found to be satisfactory, clean 
and flush the entire cooling system. Remove scale 
formation by using a reputable and safe descaling 
solvent. Immediately after using the de-scaling solvent, 
neutralize the system with the neutralizer. It is 
important that the directions printed on the container 
of the descaler be thoroughly read and followed. 


After the solvent and neutralizer have been used, 
completely drain the engine and radiator and reverse- 
flush before filling the system. 


Reverse-Flushing 


After the engine and radiator have been thoroughly 
cleaned, they should be reverse-flushed. The water 
pump should be removed and the radiator and engine 
reverse-flushed separately to prevent dirt and scale 
deposits clogging the radiator tubes or being forced 
through the pump. Reverse-flushing is accomplished 
by hot water, under air pressure, being forced through 
the cooling system in a direction opposite to the 
normal flow of coolant, loosening and forcing scale 
deposits out. 


The radiator is reverse-flushed as follows: 


1. Remove the radiator inlet and outlet hoses and 
replace the radiator cap. 


2. Attach a hose at the top of the radiator to lead 
water away from the engine. 


3. Attach a hose to the bottom of the radiator and 
insert a flushing gun in the hose. 


4. Connect the water hose of the gun to the water 
outlet and the air hose to the compressed air outlet. 


5. Turn on the water and, when the radiator is full, 
turn on the air in short blasts, allowing the radiator to 
fill between air blasts. 


CAUTION: Apply air gradually. Do not exert 
more than 30 psi air pressure. Too great a 
pressure may rupture a radiator tube. 


6. Continue flushing until only clean water is expelled 
from the radiator. 


The cylinder block and cylinder head water passages 
are reverse-flushed as follows: 


1. Remove the thermostats and the water pump. 


2. Attach a hose to the water inlet of the cylinder block 
to drain the water away from the engine. 


3. Attach a hose to the water outlet at the top of the 
cylinder block and insert the flushing gun in the hose. 


4. Turn on the water and, when the water jackets are 
filled, turn on the air in short blasts, allowing the 
engine to fill with water between air blasts. 


5. Continue flushing until the water from the engine 
runs clean. 


If scale deposits in the radiator cannot be removed by 
chemical cleaners or reverse-flushing as outlined 
above, it may be necessary to remove the upper tank 
and rod out the individual radiator tubes with flat steel 
rods. Circulate water through the radiator core from 
the bottom to the top during this operation. 


Miscellaneous Cooling System Checks 


In addition to the above cleaning procedures, the other 
components of the cooling system should be checked 
periodically to keep the engine operating at peak 
efficiency. The cooling system hoses, thermostats and 
radiator pressure cap should be checked and replaced 
if found to be defective. 


When water connection seals and hoses are installed, 
be sure the connecting parts are properly aligned and 
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the seal or hose is in its proper position before 
tightening the clamps. All external leaks should be 
corrected as soon as detected. 


The fan belt must be checked and adjusted, if 
necessary, to provide the proper tension and the fan 
shroud must be tight against the radiator core to 
prevent recirculation of air which may lower the 
cooling efficiency. 


Contaminated Engines 


When the engine cooling or lubricating system 
becomes contaminated, it should be flushed thoroughly 
to remove the contaminants before the engine is 
seriously damaged. One possible cause of such 
contamination. that is damaging to the engine if it is 
not corrected immediately, is a cracked oil cooler core. 
With a cracked oil cooler core, oil will be forced into 
the cooling system while the engine is operating, and 
when it is stopped, coolant will leak into the 
lubricating system. 


Coolant contamination of the lubricating system is 
especially harmful to engines during the cold season 
when the cooling system is normally filled with an 
ethylene glycol antifreeze solution. If mixed with the 
oil in the crankcase, this antifreeze forms a varnish 
which quickly immobilizes moving engine parts. 


To remove such contaminants from the engine, both 


the cooling system and the lubrication system must be 
thoroughly flushed as follows: 


COOLING SYSTEM 

If the engine has had a failure resulting in the 
contamination of the cooling system with lubricating 
oil, the following procedure is recommended. 

1. Prepare a mixture of Calgon, or equivalent, and 
water at the rate of two ounces (dry measure) to one 
gallon of water. 

2. Remove the engine thermostats to permit the 
Calgon and water mixture to circulate through the 
engine and the radiator or heat exchanger. 

3. Fill the cooling system with the Calgon solution. 

4. Run the engine for five minutes. 

5. Drain the cooling system. 

6. Repeat Steps 3 through 5. 


7. Fill the cooling system with clean water. 
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8. Let the engine run five minutes. 
9. Drain the cooling system completely. 
10. Install the engine thermostats. 


11. Close all of the drains and refill the engine with 
fresh coolant. 


LUBRICATION SYSTEM 


When the engine lubricating system has been 
contaminated by an ethylene glycol antifreeze solution 
or other soluble material, the following cleaning 
procedure, using Butyl Cellosolve, or equivalent, is 
recommended. 


CAUTION: Use extreme care in the handling of 
these chemicals to prevent serious injury to the 
person or damage to finished surfaces. Wash off 
spilled fluid immediately with clean water. 


If the engine is still in running condition, proceed as 
follows: 


1. Drain all of the lubricating oil. 


2. Remove and discard the oil filter element. Clean 
and dry the filter shell and replace the element. 


3. Mix two parts of Butyl Cellosolve, or equivalent, 
with one part SAE 10 engine oil. Fill the engine 
crankcase to the proper operating level with the 
mixture. 


4. Start and run the engine at a fast idle (1,000 to 
1,200 rpm) for 30 minutes to one hour. Check the oil 
pressure frequently. 


5. After the specified time, stop the engine and 
immediately drain the crankcase and the filter. 
Sufficient time must be allowed to drain all of the fluid. 


6. Refill the crankcase with SAE 10 oil after the drain 
plugs are replaced, and run the engine at the same fast 
idle for ten or fifteen minutes and again drain the oil 
thoroughly. 


7. Remove and discard the oil filter element, clean the 
filter shell and install a new element. 


8. Replace the drains and fill the crankcase to the 
proper level with the oil recommended for normal 
engine operation. 


9. To test the effectiveness of the cleaning procedure, it 
is recommended that the engine be started and run at 
a fast idle (1,000 to 1,200 rpm) for approximately 30 
minutes. Then stop and immediately restart the 
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engine. There is a possibility that the engine is not system were not successful, it will be necessary to 
entirely free of contaminant deposits if the starting disassemble the engine and to clean the affected parts 
speed is slow. thoroughly. 

10. If the procedures for cleaning the lubricating oil Make certain that the cause of the internal coolant leak 


has been corrected before returning the engine to service. 
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WATER PUMP 


A centrifugal-type water pump (Fig. 1) is mounted on 
top of the engine oil cooler housing as shown in 
Fig. 2. It circulates the coolant through the oil cooler, 
cylinder block, cylinder head(s) and radiator. 


The pump is belt driven by either the camshaft or 
balance shaft (In-line engines) or by one of the 
camshafts (V-type engine). 


An impeller is pressed onto one end of the water 
pump shaft, and a water pump drive pulley is pressed 
onto the opposite end. The pump shaft is supported on 
a sealed double-row combination radial and thrust ball 
bearing. Coolant is prevented from creeping along the 
shaft toward the bearing by a seal. The shaft and 
bearing constitute an assembly, and are serviced as 
such, since the shaft serves as the inner race of the ball 
bearing. 


The sealed water pump shaft ball bearing is filled with 
lubricant when assembled. No further lubrication is 
required. 


Remove Water Pump 


I. Remove the radiator cap, open the block and 
radiator drain cocks, and drain the cooling system. 


2. Loosen and remove the water pump belts. 


BY-PASS TUBE CONNECTOR 





PUMP BODY 


SHAFT AND 
BEARING ASSEMBLY 


PULLEY 


Fig. 1 - Water Pump Assembly 








Fig. 2 - Typical Water Pump Mounting 


NOTE: An idler pulley is used on some engines 
to adjust the water pump drive belt tension. 


3. Loosen the hose clamps and slide the hose up on the 
water by-pass tube. 


4. Remove the five bolts securing the water pump to 
the oil cooler housing and take off the pump. 


Disassemble Pump 


l. Note the position of the pulley on the shaft so that 
the pulley can be reinstalled in the same position when 
the pump is reassembled. Remove the water pump 
pulley as shown in Fig. 3. 


2. Remove the pump cover and discard the gasket. 


3. Press the shaft and bearing assembly, seal, and 
impeller out of the pump body as an assembly, by 
applying pressure on the bearing outer race with 
remover J 1930. 


CAUTION: The bearing will be damaged if the 
pump is disassembled by pressing on the end of 
the pump shaft. 


4. Press the end of the shaft out of the impeller as 
shown in Fig. 4. using plates J 8329 and holder J 358- 
l. 


5. Remove the seal assembly from the pump shaft and 
discard it. 
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Inspection 


Wash all of the pump parts, except the bearing and 
shaft assembly, in clean fuel oil and dry them with 
compressed air. 


NOTE: A permanently sealed and lubricated 
bearing is used in the bearing and shaft 
assembly and should not be washed. Wipe the 
bearing and shaft assembly with a clean lintless 
cloth. 


Examine the impeller for damage and excessive wear 
on the impeller face which contacts the seal. Replace 
the impeller if it is worn or damaged. 


Discard the bearing if it has a general feeling of 
roughness, is tight or has indications of damage. 


Assemble Pump 


1. Use installer J 1930 to apply pressure to the outer 
race of the bearing as shown in Fig. 5 and press the 
shaft and bearing assembly into the pump body until 
the outer race of the bearing is flush with the outer 
face of the body. 


CAUTION: The bearing will be damaged if the 


bearing and shaft assembly is installed. by 
applying pressure on the end of the shaft. 


2. Lightly coat the outside diameter of the new seal 
with sealing compound. Then. with the face of the 
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Fig. 3 - Removing Pulley 
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ASSEMBLY RB 


Fig. 4 - Removing Shaft from Impeller with 
Toois J 8329 and J 358-1 


body and the bearing outer race supported, install the 


` seal by applying pressure оп the seal outer flange only, 


until the flange contacts the body (Fig. 1). Wipe the 
face of the seal with a chamois to remove all dirt and 
metal particles. 


3. Support the pulley end of the shaft on the bed of an 
arbor press and press the impeller on the shaft until 
the impeller is flush with the large end of the body. 


SHAFT 
ASSEMBLY 


Fig. 5 - Pressing Shaft Assembly into Water 
Pump 
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SEAL- ASSEMBLY BODY 


BEARING AND 
SHAFT ASSEMBLY 


GASKET IMPELLER 


Water Pump 5.1 


CONNECTOR PULLEY 


GASKET 





Fig. 6 - Fresh Water Pump Details and Relative Location of Parts 


4. Place the pulley on the bed of an arbor press. Place 
a suitable rod between the ram of the press and the 
impeller end of the shaft, then press the shaft into the 
pulley until the pulley is in its original position on the 
shaft. | | 


5. Install the cover and a new gasket on the pump 
body. Tighten the cover bolts to 6-7 Ib-ft torque. 


6. Run the pump dry at 1200 rpm for a minimum of 
30 seconds, or as required, to assure satisfactory 
seating of the seal. 


Install Water Pump 


1. Affix a new gasket to the flange of the water pump 
body. 


FRESH WATER PUMP WITH 


Effective with engine serial numbers 2D-27598, 3D- 
64888. 4D-66635, 6D-66897 and 8D-3815, current 
water pump assemblies used on Series 53 engines 
include an impeller and ceramic insert combination 
(Figs. 7 and 8). Disassembly and assembly of the 
current water pump is the same as the former water 
pump except as follows: 


When removing the impeller protect the ceramic insert 
from damage at all times during pump overhaul. 
Always lay the impeller on the bench with the ceramic 
insert up to prevent damage to the insert. 


2. Secure the water pump to the oil cooler housing with 
the five bolts and lock washers. 


3. Install the hose between the water pump and water 
by-pass tube and tighten the hose clamps. 


4. Install and tighten the belts. 
NOTE: An idler pulley is used on some engines 
to adjust the water pump drive belt tension. 
5. Close all of the drain cocks and refill the cooling 


system. 


6. Start the engine and check for leaks. 


CERAMIC INSERT IN IMPELLER 


Inspect the ceramic insert for cracks, scratches and 
bond to the impeller. If the insert is damaged, it may 
be replaced in the following manner: 


1. Bake the used ceramic insert and impeller assembly 
at 500°F. for one hour to remove the ceramic insert. 
The ceramic insert can be removed easily from the 
counterbore while the adhesive is hot. Wire brush the 
impeller bond area to remove the old adhesive, oxide, 
scale, etc. 


2. Wipe the impeller bond area and the grooved side 
of the new ceramic insert with a cloth soaked in a 
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Fig. 7 - Comparison of Water Pumps 
common solvent such as alcohol. Wipe clean with a 


dry cloth. ; 


3. Place the adhesive washer in the impeller bond area 
with the ceramic insert on top. The polished face of 


CERAMIC 
INSERT 


GASKET 


IMPELLER 


SEAL 
ASSEMBLY 





the ceramic insert should be visible to the assembler. 
Clamp the ceramic insert and impeller together with a 
3/8" bolt and nut and two smooth 1/8" thick 
washers. Tighten the bolt to 10 lb-ft torque. 


CAUTION: Do not mar the polished surface of 
the ceramic insert. 


4. Place the impeller assembly in a level position, with 
the ceramic insert up, in an oven preheated to 350°F. 
and bake it for one hour. 


NOTE: The face of the ceramic insert must be 
square with the axis of the tapered bore within 
.004". The pump shaft may be used as a 
mandrel for inspection. 


5. Remove the impeller from the oven and, after it has 
cooled to room temperature, install it in the pump. Do 
not loosen the clamping bolt until the assembly cools. 
Make sure the mating surfaces of the water seal and 
the ceramic insert are free of dirt, metal particles and 
oil film. 


CONNECTOR 


r= 


| PULLEY 


x 


BEARING AND 
SHAFT ASSY. 





Fig. 8 - Details of Water Pump with Ceramic Seal 
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FRESH WATER PUMP IDLER PULLEY ASSEMBLY 


The fresh water pump idler pulley assembly is 
mounted on the upper engine front cover (Fig. 1). 


Remove Idler Pulley Assembly 


3-—————— SLEEVE 


Remove the two attaching bolts and lift the pulley 
assembly away from the front cover and drive belts. 


Disassemble Idler Pulley Assembly 


1. Support the pulley, then press the shaft and bearing 
assembly and bracket from the pulley by applying 
pressure to the outer race of the bearing (Fig. 2). 


2. Support the bracket, then press the shaft and 
bearing assembly from the idler pulley bracket by 
applving pressure on the shaft only. 


Inspection 


Wash the idler pulley bracket and pulley in clean fuel 
oil and dry them with compressed air. The idler pulley 
shaft and bearing assembly must not be washed in — 
fuel oil. If the bearing is immersed in cleaning fluid, Fig. 2 - Removing Shaft and Bearing Assembly 
dirt may be washed in and the fluid and dirt could not and Bracket from Idler Pulley 

be entirely removed from the bearing. 





Examine the bracket and pulley for excessive wear or 
cracks. 


Revolve the shaft slowly in the bearing by hand. If 
rough or tight spots are detected, the bearing and 
shaft assembly must be replaced. 


SLEEVE 


SHAFT AND 
BEARING ASSY. : 


IDLER 
PULLEY бу 
| ASSEMBLY, 





ie e eee 708 
Fig. 1 - Typical Fresh Water Pump Idler Fig. 3 - Installing Shaft and Bearing Assembly 
Pulley Mounting in Idler Pulley 
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Fig. 4 - Installing Shaft and Bearing Assembly 
and Pulley in Bracket 


On early engines. if the bracket or bearing assembly 
requires replacement, the complete idler pulley 


assembly must be replaced. The bearing bore diameter 
on the current bracket is .6237" 6247" . On the 


Page 2 





former bracket. the bearing bore diameter is .6242" - 
.6252" . 


Assemble Idler Pulley Assembly 


1. Apply a minimum of 2500 Ibs pressure only on the 
outer race of the bearing as shown in Fig. 3 and press 
the bearing and shaft assembly into the idler pulley 
until the outer race of the bearing is flush with the 
inside surface of the pulley. 


2. With a short rod, apply pressure on the shaft only 
(Fig. 4) and press the shaft and bearing assembly with 
the pulley into the idler pulley bracket. The distance 
between the outer edge of the pulley and the bracket 
must be .160" . 


Install Idler Pulley Assembly 


1. Attach the idler pulley assembly to the front cover 
with two bolts and lock washers. 


2. Install the water pump drive belts. 


3. Adjust the idler pulley assembly so that the drive 
belts have the proper tension and tighten the bolts. 
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THERMOSTAT 


The temperature of the In-line engine coolant is 
controlled by a single choke type thermostat located in 
a housing attached to the water outlet end of the 
cylinder head. Two by-pass type thermostats are used 
in the V-type engines. one at each cylinder head. 


The by-pass system on the V-type engine consists of a 
cross-over tube connecting the two thermostat housings 
and an outlet tube attached between one thermostat 
housing and the water pump (Fig. 1). On the In-line 
engines. a by-pass tube 15 attached between the 
thermostat housing and the water pump. 


At coolant temperatures below approximately 170°F., 
the thermostat valve remains closed and blocks the 
flow of coolant through the radiator or heat exchanger. 
During this period. the coolant circulates through the 
cylinder block and head and then back to the suction 
side of the pump via the by-pass tube. As the coolant 
temperature rises. the thermostat valve begins to open. 
restricting the by-pass system and permits the coolant 
to circulate through the radiator or heat exchanger. 
When the valve is fully open. the by-pass system of 
the V-type engine is completely blocked off and all of 
the coolant circulates through the radiator. However, 
with the valve fully opened in the in-line engine. a 
very small portion of the coolant will continue to 
circulate through the by-pass tube. while the major 
portion will pass through the radiator. 


HOUSING 


GASKET 


GASKET 


BY PASS TUBE 
COVER PLATE 








THERMOSTAT 


WATER BYPASS 
TUBE (CROSS-OVER) 


THERMOSTAT 
HOUSING 


» oF 


| © WATER BYPASS 9 
” 


Fig. 1 -Thermostat Housings Mounted on a 6V 
Engine 


A properly operating thermostat is essential for 
efficient operation of the engine. If the engine 


operating temperature deviates from the normal range 
of 160°F - 185°F.. remove and check the thermostat(s). 


Remove Thermostat 


І. Drain the cooling system to the necessary level bv 
opening the drain valves. 


OUTLET ELBOW 


GASKET 


Fig. 2 - Thermostat Housing Details and Relative Location of Parts (In-Line Engine) 
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Fig. 3 - Thermostat Housing Details and 
Relative Location of Parts (V-Type Engine) 


2. Remove the hose connections between the 
thermostat housing water outlet elbow and the radiator 
or heat exchanger. 


3. Loosen the bolts and remove the water outlet elbow 
from the thermostat housing on the in-line engine 
(Fig. 2). Take out the thermostat. 


4. On the V-type engine. remove the cross-over by-pass 
tube which is located between the thermostat housings. 
Also, disconnect the by-pass tube between the water 
pump and the thermostat housing (Fig. 3). Remove 
the gaskets. Then loosen the bolts and remove the 
thermostat housings from their bases. Remove the 
thermostats and remove and discard the thermostat 
seals. 


Inspection 


If the action of the thermostat has become impaired 
due to accumulated rust and corrosion from the engine 
coolant so that it remains closed. or only partially 
open, thereby restricting the flow of water, overheating 
of the engine will result. A thermostat which is stuck in 
a wide open position may not permit the engine to 
reach its normal operating temperature. The incom- 
plete combustion of fuel due to cold operation will 
result in a build-up of carbon deposits on the pistons. 
rings and valves. 


The operation of the thermostat mav be checked by 
immersing it in a container of hot water (Fig. 4). 
Place a thermometer in the container. but do not allow 
it to touch the bottom. Agitate the water to maintain 
an even temperature throughout the container. As the 
water 1s heated, the thermostat valve should begin to 








open when the temperature reaches 167° - 172°F. (In- 
line engine) or 174? - 176°F. (V-engine). The opening 
temperature is usually stamped on the thermostat. The 


thermostat should be fully open at approximately 190* 
- 192°F. 


Clean the thermostat seating surface in the thermostat 
housing and base or the water outlet elbow. 


Check the bleed hole in the thermostat housing to be 
sure it is open (Fig. 5). 


NOTE: The early 6V-53 thermostat housing had 
three bleed holes. Current housings have one 
bleed hole. If an excessively long warm-up 
period is encountered with the former thermo- 
stat housing (three bleed holes), plug two of the 
bleed holes with No. 4 drive screws. 


Drill a 3/32" diameter hole in the thermostat housing 
used on in-line industrial engines built prior to serial 
number 2D-603, 3D-011 or 4D-094 (refer to Fig. 6). 
This will provide a coolant drain hole for the by-pass 
cavity in the housing. 


Install Thermostat 


Refer to Figs. 2 and 3 and install the thermostat(s) as 
follows: 


IN-LINE ENGINE: 


1. Place a new gasket on the thermostat housing. 


A—STARTS TO OPEN 
B—FULLY OPEN 


Fig. 4 - Method of Checking Thermostat 
Operation 
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Thermostat 





Fig. 5 - 


Type Engine Housing Shown) 


2. Insert the thermostat into the housing. 


3. Install the water outlet elbow and secure it to the 
housing with two bolts and lock washers. 


4. Connect the hose from the radiator or heat 
exchanger to the water outlet elbow. align and tighten 
the hose clamps. 


V-TYPE ENGINE: 

l. Install new seals in the thermostat housings. Position 
the seals so the lips face away from the thermostats. 
Press the seals in with seal installer. J 22091 and 
handle J 7092-2. 

2. Place a new gasket on each thermostat housing base. 


3. Insert a thermostat in each base. 


4. Install the thermostat housings and secure the 
housings with bolis and lock washers. 








CAUTION: Exercise care to prevent damaging 
the thermostat seals. 


5. Place new seals on the cross-over by-pass tube; then, 
reinstall the tube. 


6. Use new gaskets and attach the water outlet elbows 
to the thermostat housings; secure them with bolts and 
lock washers. 


7. Place a new seal ring on the upper end of the by- 
pass tube and install the tube between the thermostat 
housing and the water pump. 


8. Install the hoses between the radiator or heat 
exchanger and the water outlet elbows and secure 
them with the hose clamps. 


After the thermostats have been installed, close all of 
the drain cocks and fill the cooling system. Vent the 
system as outlined in Section 5. Then start the engine 
and check for leaks. 





BY-PASS 
CAVITY 


3 32” DIA. COOLANT 
DRAINAGE HOLE 


Fig. © - Cross-Section of Thermostat Housing 
(Early Industrial In-Line Engine) 
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RADIATOR 


The temperature of the coolant circulating through the 
engine is lowered by the action of the radiator and the 
fan. The radiator is mounted in front of the engine so 
that the fan will draw air through it, thereby lowering 
and maintaining the coolant temperature to the degree 
necessary for efficient engine operation. 


The life of the radiator will be considerably prolonged 
if the coolant used is limited to either clean, soft water 
and a rust inhibitor or a mixture of water and a high 
boiling point type antifreeze (refer to Section 13.3). 
The use of any other type of antifreeze is not 
recommended. 


To increase the cooling efficiency of the radiator, a 
metal shroud is placed around the fan. The fan shroud 
must be fitted airtight against the radiator to prevent 
re-circulation of the hot air drawn through the 
radiator. Hot air which is permitted to pass around the 
sides or bottom of the radiator and is again drawn 
through the radiator will cause overheating of the 
engine. 


Another cause of overheating is slippage of the fan 
drive belts which is caused by incorrect belt tension, 
worn belts or worn fan belt pulley grooves. or the use 





Fig. 1 - Typical Radiator Mounting (In-Line 
Engine) 


of fan belts of unequal length when two or more belts 
are used. The belt tension and condition of the belts 
should be checked periodically. Refer to Preventive 
Maintenance, Section 15.1. 


A radiator that has a dirty, obstructed core or is 
leaking, a leak in the cooling system, or an inoperative 
thermostat will also cause the engine to overheat. The 
radiator must be cleaned, the leaks eliminated, and 
defective thermostats replaced immediately to prevent 
serious damage from overheating. 


The external cleanliness of the radiator should be 
checked if the engine overheats and no other causes 
are apparent. 


Cleaning Radiator 


The radiator should be cleaned whenever the foreign 
deposits are sufficient to hinder the flow of air or the 
transfer of heat to the air. In a hot, dusty area, 
periodic cleaning of the radiator will prevent а 
decrease in efficiency and add life to the engine. 


The fan shroud and grille should be removed, if 
possible. to facilitate the cleaning of the radiator core. 


An air hose with a suitable nozzle is often sufficient to 
remove loose dust from the radiator core. Occasion- 
ally, however. oil may be present requiring the use of 
a solvent. such as oleum, to loosen the dirt. The use of 
gasoline, kerosene, or fuel oil is not recommended as a 
solvent. A spray gun is an effective means of applying 
the solvent to the radiator core. Use air to remove the 
remaining dirt. Repeat this process as many times as 
necessary, then rinse the radiator with clean water and 
dry it with air. 


NOTE: Provide adequate ventilation of the 
working area to avoid possible toxic effects of 
the cleaning spray. 


Another method of cleaning the radiator is the use of 
steam or a steam cleaning device. if available. If the 
foreign deposits are hardened, it may be necessary to 
apply solvents. 


The scale deposit inside the radiator is a result of 
using hard. high mineral content water in the cooling 
system. The effect of heat on the minerals in the water 
causes the formation of scale. or hard coating. on 
metal surfaces within the radiator. thereby reducing 
the transfer of heat. Some hard water, instead of 
forming scale, will produce a silt-like deposit which 
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restricts the flow of water. This must be flushed out at 
least twice a year --- more often if necessary. 


To remove the hardened scale, a direct chemical action 
is necessary. A flushing compound such as sal- 
ammoniac, at the specified rate of 1/4 pound per each 
gallon of radiator capacity, should be added to the 
coolant water in the form of a dissolved solution while 
the engine is running. Operate the engine for at least 
15 minutes, then drain and flush the system with clean 
water. 


Other flushing compounds are commercially available 
and should be procured from a reliable source. Most 
compounds attack metals and should not remain in the 
engine for more than a few minutes. A neutralizer 
should be used in the cooling system immediately after 
a de-scaling solvent 15 used. 
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For extremely hard. stubborn coatings, such as lime 
scale, it may be necessary to use a stronger solution. 
The corrosive action of a stronger solution will affect 
the thin metals of the radiator, thereby reducing its 
operating life. A complete flushing and rinsing is 
mandatory and must be accomplished skillfully. 


After the solvent and neutralizer have been used and 
the cooling system is flushed, completely drain the 
entre system again and fill it with clean, soft water 
plus a rust inhibitor or high boiling point type 
antifreeze (refer to Section 13.3). After filling the 
cooling system, inspect the radiator and engine for 
water leaks. 


NOTE: When draining or filling, the cooling 
system must be vented. 
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Fig. 1 - Pressure Control Cap (Pressure Valve 
Open) 


The radiator (or expansion tank) has a pressure 
control cap with a normally closed valve. The cap is 
designed to permit a pressure of approximately seven 
pounds in the system before the valve opens. This 
pressure raises the boiling point of the coolant and 
permits somewhat higher engine operating tempera- 
tures without loss of any coolant from boiling. 


To prevent the collapse of hoses and other parts which 
are not internally supported, a second valve in the 
ridiator cap opens under vacuum when the system 
cools. 


Fig. 2 - Pressure Control Cap (Vacuum Valve 
Open) 


CAUTION: Always remove the radiator cap 
slowly and carefully to avoid a possible flash of 
hot coolant. 


To ensure against possible damage to the cooling 
system from either excessive pressure or vacuum. 
check both valves periodically for proper opening and 
closing pressure. If the pressure valve does not open 
between 6-1/4 to 7-1/2 psi or the vacuum valve is not 
open at 5/8 psi (maximum), replace the pressure 
control cap. 
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ENGINE COOLING FAN 


The engine cooling fan is driven by a pair of V-drive 
belts from the crankshaft pulley (Fig. 1) or driven 
directly by the crankshaft (Fig. 2). 


Effective with engine serial numbers 2D-28185, 3D- 
66957 and 4D-68816 new fan hub assemblies are being 
used on the In-line engines. The new assemblies are 
similar to the integral cast shaft and bracket design, 
with tapered roller bearings, currently used on the 
V-type engines (Fig. 5). 


The belt-driven fan is bolted to a combination fan hub 
and pulley which turns on a sealed ball bearing 
assembly (former In-line engines) or two tapered roller 
bearings (V-type and current In-line engines). The 
crankshaft driven fan is bolted to the crankshaft 
pulley. 


Lubrication 


The sealed ball bearings, used in the fan hub assembly 
on the former In-line engines. is pre-lubricated and 
requires no further lubrication. 


The tapered roller bearings, used in the fan hub on 
V-type and current In-line engines, are pressure 
lubricated prior to assembly. The cavity between the 
bearings is packed with Chevron BRB No. 2 grease or 
an equivalent performance grease at the time the hub 
is assembled. Also the fan hub cap is packed 
approximately 75% full of grease. Repack the fan hub 
assembly as outlined in the assembly procedure. The 
hub cap at the front and a seal at the rear of the hub 
prevents leakage of the lubricant. 


Remove Fan, Hub and Adjusting Bracket 


The fan blades must rotate in a vertical plane parallel 
with and a sufficient distance from the radiator core. 





Fig. 1 - Belt.Driven Fan Mounting (V-Type 
Engine) 


Fig. 2 - Crankshaft-Driven Fan Mounting (In- 
Line Engine) 
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Fig. 3 - Removing Fan Hub (Pulley) 


Bent fan blades reduce the efficiency of the cooling 
system, may throw the fan out of balance, and are apt 
to damage the radiator core. Before removing the fan 
blades, check the blades for alignment. Do not rotate 
the fan by pulling on the fan blades. 


1. Remove the attaching bolts and lock washers and 
remove the fan and spacer (if used). 


2. Loosen the fan hub adjusting bracket bolts and 
remove the drive belts. Then withdraw the bolts and 
washers and remove the hub and bracket assembly 
from the engine. 


Disassemble Hub and Adiusting Bracket 
IN-LINE ENGINES (FORMER): 


1. Measure the distance between the rear face of the 
rim on the pulley and rear face (machined) of the fan 
adjusting bracket. Record this measurement for 
reassembly purposes. 


2. Remove the fan hub from the shaft with a puller as 
shown in Fig. 3. 


3. Place the bracket assembly in an arbor press. Then 
place a suitable sleeve over the shaft and against the 
outer race of the bearing and press the bearing and 
shaft assembly from the bracket. 
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Fig. 4 - Former Fan Hub Assembly (In-Line 
Engine) 


CAUTION: Damage to the bearing will result if 
force is applied to the shaft. 


IN-LINE ENGINES (CURRENT): 

1. Remove the fan hub cap. 

2. Remove the hub bolt and washer. 

3. Withdraw the hub and bearing assembly from the 
shaft. It may be necessary to tap the end of the shaft 
with a soft hammer to loosen the hub assembly. 


4. Remove the oil seal and bearing from the fan hub. 


5. Remove the bearing spacer, shims and grease 
retainer. 


V-TYPE ENGINES: 


1. Remove the fan hub cap (if a spacer and cap 
assembly were not used). 


2. Remove the hub retaining cotter pin, nut and 
washer (Fig. 6) or the bolt and special washer 


DETROIT DIESEL 53 


FAN HUB 
(PULLEY) 


INNER \ | 
BEARING | 
SEAL f FAN HUB 
= 4 РА САР 


| Оск 
f^ вот 





Ке OUTER 


BEARING 


ETT 


SPACER SHIM 


TSS FAN ADJUSTING 
BRACKET 


Fig. 5 - Current Fan Hub Assembly (In-Line- 
Engine) 


(Fig. 7). Also remove the shims if the former type fan 
hub assembly illustrated in Fig. 7 is used. 


3. Withdraw the hub and bearing assembly from the 
shaft. It may be necessary to tap the end of the shaft 
with a soft hammer to loosen the hub assembly. 


4. Remove the seal and bearings from the fan hub. 


5. Remove the bearing spacer (Fig. 7) and shims (if 
the current type hub assembly is used). 


Inspection 


Wash the fan and fan hub parts thoroughly with fuel 
oil, dry them with compressed air and inspect them for 
wear or damage. 


NOTE: Do not wash the permanently sealed 
bearing which is used in the In-line engine hub 
assembly. Wipe the bearing and shaft assembly 
with a clean lintless cloth. 


Hold the inner race (shaft of sealed ball bearing 
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Fig. 6 - Shaft Type Fan Hub Assembly (6V 
Engine) 


assembly) and revolve the outer race of each bearing 
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Fig. 7 - Spindle Type Fan Hub Assembly (6V 
and 8V Engine) 
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Fig. 8 - Typical Fan Hub and Adjusting Bracket Details and Relative Location of Parts (In-Line 
Engine) 


slowly by hand. If rough or tight spots are detected, 
replace the bearing. 


Examine the fan blades for cracks. Replace the fan if 
the blades are badly bent, since straightening may 
weaken the blades, particularly in the hub area. 


Remove any rust or rough spots in the grooves of the 
fan pulley and crankshaft pulley. If the grooves are 
damaged or severly worn. replace the pulleys. 


The fan hub assembly illustrated in Fig. 6 has been 
revised. The revisions consist of an increase in the 
bearing inner race and shaft bearing radii, a hardened 
hub retaining nut and washer and the addition of 
spacers and shims on the shaft between the bearings. 
This type fan hub assembly should be rebuilt with the 
current parts, especially where the former undercut 
shaft is used. The current spacers and shims cannot be 
used with the former shaft. 


To replace the shaft, remove the groove pin and press 
the shaft from the adjusting bracket. Press the new 
shaft in the bracket to the dimension shown in Fig. 6. 
Then drill the shaft, using the hole in the bracket as a 
guide, and install a groove pin. 


The spindle-type fan hub assembly illustrated in 
Fig. 7 has also been revised. A bearing spacer has 
been added and a new outer bearing, which provides a 
closer fit on the shaft, replaces the old. A baffle has 
also been added to retain the grease and assure 
lubrication at the outer bearing. To facilitate 
installation of the grease baffle, a 030” by 15° 
chamfer has been added to the bore in the pulley. 


The tapped hole in the end of the shaft has been 
counterbored and increased in depth from 1.00 " to 
1.26 ". A longer hub retaining bolt and a .32 ” thick 
washer replaces the former bolt and 1/8” thick 
washer. 


New shims, assembled between the bearing spacer and 
the inner race of the outer bearing, provide .001 ” to 
006” end play. The former shims, which were 
assembled between the hub retaining washer and the 
end of the shaft, provide .002 ” to .004 "' end play. 


When service is required on the spindle-type shaft, it 
should be rebuilt with the new components. 


Assemble Hub and Adiusting Bracket 
IN-LINE ENGINES (FORMER): 


Refer to Figs. 4 and 8 and assemble the fan hub and 
adjusting bracket as follows: 


1. Press the shaft and bearing assembly into the 
adjusting bracket by applying pressure on the outer 
race of the bearing, using a suitable sleeve, until the 
bearing is flush with the pulley end of the bracket. 


2. Measure the shaft diameter and the pulley bore. It 
is important that a 001” .002 " press fit be 
maintained. Then support the bearing end of the shaft 
and press the fan hub (pulley) on the shaft to the 
original dimensions taken during disassembly. This 
will assure proper alignment and clearance of the 
parts. 
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Fig. 9 - Typical Fan Hub, Shaft and Adjusting Bracket Details and Relative Location of Parts (6V 
Engine) 


ADJUSTING 
BOLT 


BRACKET 


FAN SFINDLE 


INNER 
BEARING 


BEARING 
SPACER 


SHIMS 


WASHER 
n. E FAN HUB 


FAN MOUNTING CUm y m O 
SUPPORT 


"n ig Ui QU / CAP 
FAN HUB 


(PULLEY) GRENSE 


OUTER 
BEARING 





Fig. 10 - Typical Fan Hub and Spindle Details and Relative Location of Parts (6V and 8V Engine) 





July, 1972 SEC. 5.4 Page 5 


5.4 Fan 


DETROIT DIESEL 53 





The shaft and bearing assembly are permanently 
sealed and require no lubrication. 


IN-LINE ENGINES (CURRENT): 


Assemble the fan hub and spindle shown in Fig. 5 as 
follows: 


1. Apply Chevron BRB No. 2 grease or an equivalent 
performance grease to the rollers of both bearings 
before installing them in the fan hub (pulley). 


2. Install the inner bearing with the protruding face of 
the inner race facing outward from the hub. 


3. Install a new seal with the felt-side flush with the 
outer edge of the hub. 


4. Place the hub over the spindle and install the 
bearing spacer. 


5. Pack the cavity approximately 1/4 full with grease 
and install the grease baffle. 


6. Place the shims against the bearing spacer. Then 
install the outer bearing with the protruding face of 
the inner race facing outward from the hub. 


7. Place the retaining washer with the breakout side 
toward the bearing. Install and tighten the bolt to 83- 
93 Ib-ft torque while rotating the pulley. 


8. Check the end play in the assembly with the spindle 
(shaft) in a horizontal position. The end play must be 
within .001 ” to .006 ~”. If necessary, remove the bolt, 
washer and outer bearing and adjust the number and 
thickness of shims to obtain the required end play. 
Shims are available in 015”, 020” and .025" 
thickness. Then reassemble the fan hub and check the 
end play. 


9. Fill a new fan hub cap 3/4 full of grease and install 
it in the end of the fan hub (pulley). 


V-TYPE ENGINE 


Assemble the fan hub, shaft and adjusting bracket 
shown in Figs. 6 and 9 as follows: 


1. Apply Chevron BRB No. 2 grease or an equivalent 
performance grease to the rollers of both bearings 
before installing them in the fan hub (pulley). 


2. Install the inner bearing with the protruding face of 
the inner race facing outward from the hub. 


3. Install a new seal with the lip of the seal facing 
toward the bearing. Coat the lip of the seal lightly 
with grease. 


4. Slide the spacers and shims on the shaft (Fig. 6). 
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NOTE: It may be necessary to install as many as 
three .005 ” and three .010 ” shims between the 
Spacers on a current shaft incorporated in a 
former fan hub to achieve the required .001”' 
to .005 "' end play. 


5. Place the hub over the shaft and pack the cavity 
approximately 1/2 full with grease. Then install the 
outer bearing with the protruding face of the inner 
race facing outward from the hub. 


6. Secure the hub assembly with the washer and 1/2 ”- 
20 nut. Tighten the nut to 35-40 Ib-ft torque. 


CAUTION: Enough shims must be provided to 
avoid loading directly through the bearing 
rollers when the nut is torqued. The pulley must 
turn freely after the nut is tight. 


7. Check the bearing end play. If the end play is not 
within the specified limits (.001 "' to .005 ”), remove 
the hub, add or remove shims and repeat Steps 5 and 
6. 


8. Fill a new fan hub cap 1/2 full of grease and install 
it in the end of the fan hub (pulley). 


Assemble the fan hub and spindle shown in Figs. 7 
and 10 as follows: 


1. Apply Chevron BRB No. 2 grease or an equivalent 
performance grease to the rollers of both bearings 
before installing them in the fan hub (pulley). 


2. Install the inner bearing with the protruding face of 
the inner race facing outward from the hub. 


3. Install a new seal with the felt-side flush with the 
outer edge of the hub. 


4. Place the hub over the spindle and install the 
bearing spacer. 


5. Pack the cavity approximately 1/4 full with grease 
and install the grease baffle. 


6. Place the shims against the bearing spacer. Then 
install the outer bearing with the protruding face of 
the inner race facing outward from the hub. 


7. Secure the hub with the retaining washer and bolt. 
Tighten the 1/2 "-20 bolt to 83-93 lb-ft torque while 
rotating the pulley. 


8. Check the end play in the assembly with the spindle 
(shaft) in a horizontal position. The end play must be 
within .001 " to .006 ~”. If necessary, remove the bolt, 
washer and outer bearing and adjust the number and 
thickness of shims to obtain the required end play. 
Shims are available in 015”, .020" and 025” 
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thickness. Then reassemble the fan hub and check the 
end play. 


9. Fill a new fan hub cap 3/4 full of grease and install 
it in the end of the fan hub (pulley). 


Install Fan, Hub and Adjusting Bracket 


New .500 ” thick and .800 "' thick fan hub spacers and 
a new fan hub cap replaces the former spacer and cap 
assemblies to provide spacers compatible with the six 
bolt hole mounting fan hub assemblies. The spacers 
(individually or in combination) also provide a means 
for setting the different clearances between the back of 
the fan blades and front groove of the crankshaft 
pulley. 


The new spacers have a flange on one side that serves 
as a pilot for the fan as well as a spacer pilot for the 


Fan 5.4 


second spacer when two or more spacers are used 
together. 


EXAMPLE: A former 1.800” thick spacer and 
cap assembly have been replaced by two .500 ” 
thick spacers, one .800 " thick spacer and the 
new fan hub cap. 


When replacing the former fan hub spacer be sure 
and include the new cap. 


1. Attach the fan hub and adjusting bracket assembly 
to the bracket support on the engine with bolts, lock 
washers and plain washers. Do not tighten the bolts. 


2. Install the drive belts and adjust the belt tension as 
outlined in Section 15.1. If used, install the adjusting 
bracket, bolt and plain washer shown in Fig. 10. 


3. Install the fan (and fan spacer and cap, if used) on 
the hub and secure it with the 5/16 "'-18 bolts and lock 
washers. 
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HEAT EXCHANGER 


The heat exchanger core is mounted inside of the 
water expansion tank and is sealed at the inlet and 
outlet ends to prevent the engine coolant from mixing 
with the raw cooling water. 


The heat exchanger core consists of a series of cells 
through which the engine coolant passes and is cooled 
by the raw water which is forced between the cells by 
the raw water pump. However. the core used in the 
two-cylinder engine models consists of a series of flat 
tubes through which the raw water passes and cools 
the engine coolant flowing between the tubes. 


To protect the heat exchanger core from the 
electrolytic action of the raw water. a zinc electrode is 
located in both the heat exchanger inlet tube and the 
raw water pump inlet elbow (the two-cylinder engines 
use only one electrode--at the raw water pump). 


That portion. of the tank located above the heat 
exchanger provides a means of filing the engine 
coolant system as well as space for expansion of the 
coolant as the temperature rises. An overflow pipe 
near the top of the water tank vents the tank to the 
atmosphere. 


The length of time a heat exchanger will function 
satisfactorily before cleaning will be governed largely 
by the kind of cooling liquid used in the engine and 
the kind of raw water used. 


Clean soft water plus a good commercial rust inhibitor 
or antifreeze should be used as the engine coolant 


HEAT 
EXCHANGER 
TANK 


(refer to Section 13.3) to prevent lime deposits in the 
heat exchanger core as wel] as in the engine. 


Enough coolant should be maintained in the engine to 
fill the cylinder block and head and to partially fill the 
water tank. Allow air space above the coolant in the 
tank for the increase in volume as the temperature of 
the coolant rises. 


Whenever the heat exchanger fails to cool the engine 
properly, and the raw water pump is circulating a 
normal amount of cooling water around the heat 
exchanger core, the core should be examined for 
foreign deposits. 


Clean Heat Exchanger Core 


When foreign deposits accumulate in the heat 
exchanger to the extent that cooling efficiency is 
impaired. remove the heat exchanger core and clean it 
as follows: 


Immerse the heat exchanger core in a scale solvent 
consisting of one-third muriatic acid and two-thirds 
water to which one-half pound of oxalic acid has been 
added to each two and one-half gallons of solution. 
Remove the core when foaming and bubbling stops. 
This usually takes from thirty to sixty seconds. Flush 
the core thoroughly with clean hot water under 
pressure. 





Fig. 1 - Typical Heat Exchanger Mounting In-Line Engine 
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Fig. 2 - Typical Heat Exchanger Mounting 
V-Type Engine 


To prevent drying and hardening of accumulated 
foreign substances, the heat exchanger core must be 
cleaned as soon as possible after removing it from 
Service. 


Inspect Zinc Electrode 
The zine electrodes should be examined thirty days 
after installation. Under normal operating conditions, 


the electrode will last much longer and need only be 
examined periodically and replaced when necessary. 


Remove Heat Exchanger Core 


Remove the heat exchanger core for cleaning and 
inspection as follows: 


1. Drain the engine coolant and raw water system. 
2. Remove the heat exchanger core from the two- 


cylinder engine as follows: 


a. Remove the bolts holding the inlet and outlet 
covers to the expansion tank and raise the inlet 
tube away from the tank. 


b. Remove the seal rings from the covers. 


c. Withdraw the heat exchanger core and gasket 
from the tank. 


3. Remove the heat exchanger core from 3, 4, 6, and 8 
cylinder engines as follows: 


a. Remove four bolts that hold the inlet tube to the 
inlet cover. Lower the inlet tube and remove the 
gasket from the inlet tube flange. 


b. Remove the bolts that hold the inlet cover and 
heat exchanger core to the tank. 


c. Remove the bolts that hold the outlet elbow to the 
outlet cover. Lower the outlet elbow and remove 
the gasket from the flange of the elbow. 


d. Remove the bolts that secure the outlet cover to 
the tank. 


e. Remove the outlet cover, together with the seals 
and the seal gland, from the tank. 


f. Withdraw the heat exchanger core and gaskets 
from the tank. 


Install Heat Exchanger Core 


After the heat exchanger core has been cleaned and 
inspected. install it by reversing the sequence of 
operations given for removal, using new gaskets and 
seals. 


NOTE: To minimize electrolytic acuon of the 
raw water, brass pipe plugs are used in the raw 
water system components wherever pipe plugs 
are required. Replace any steel plugs that may 
be found on earlier units with brass plugs. 


CAUTION: When installing the heat exchanger 
core in a two-cylinder engine, the flat sides of 
the tubes MUST BE in a vertical position to 
permit uninterrupted flow of engine coolant 
between the tubes. 


Refill the engine coolant fresh and raw water systems. 
The cooling system must be vented when filling (see 
Section 5). 


Prime the raw water pump, if necessary, then start the 
engine and check for leaks. 
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RAW WATER PUMP (Jabsco) 


Raw water for lowering the temperature of the engine 
coolant is circulated through the heat exchanger by a 
positive displacement pump (Figs. 1 and 2). The pump 
is attached to an adaptor which is, in turn, bolted to 
the flywheel housing. The pump is driven by a gear 
which meshes with the accessory drive plate mounted 
on the camshaft gear. 


The pump drive shaft is supported by a pre-lubricated, 
shielded double-row ball bearing. An oil seal prevents 
oil leakage from the bearing compartment and a 
rotary type seal prevents water leakage along the 
shaft. 


The current face-type water seal used in In-line engine 
pumps rides on its own mating surface. The former lip 
type seal rides on the shaft (Fig. 1). 


An impeller splined to the end of the drive shaft is 
self-lubricated by the water pumped and should not be 
run dry longer than normally required for the pump to 
prime itself. 


A wear plate in the impeller compartment prevents 
pump housing wear. This plate may be reversed if 
wear on the impeller side becomes excessive. 


The raw water pump has been revised with the use of 
a new cam and wear plate assembly to improve the 
pump priming capabilities. The wear plate is round 
and conforms with the inside contour of the housing. 
A slot in the periphery of the wear plate registers with 
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GASKET 
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PLATE BEARING 
HOUSING RETAINER 
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IMPELLER SEAL PPO NOA 
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Fig. 1 - Raw Water Pump used on In-Line 
Engine 





a dowel pin in the end of the cam, which assures a 
good fit and prevents the rotation of the wear plate 
with the pump shaft. 


The top of the former wear plate was contoured to fit 
under the cam to prevent its rotation with the shaft. 


The current cam and wear plate assembly is 
interchangeable with the former cam and wear plate 
and only the current cam and wear plate assembly is 
serviced. 


The pump can be operated in a clockwise or 
counterclockwise direction. Raw water is drawn into 
the pump through the inlet opening and discharged 
through the outlet opening. Both openings are located 
on the top of the pump housing. 


Replace Pump Seal 


The impeller, cam and wear plate assembly and water 
seal assembly (Fig. 3 may be serviced without 
removing the pump from the engine as outlined 
below: 


1. Remove the cover and gasket (Figs. | and 2). 


2. Note the position of the impeller blades to aid in 
the reassembly. Then grasp a blade on each side of the 
impeller with pliers and pull the impeller off of the 
shaft. 


The neoprene spline seal(s) can be removed from the 
impeller by pushing a screw driver through the 
impeller from the open end. 


HOUSING CAM DOWEL SLINGER BEARING GASKET 


SPLINE 
SEAL 
COVER 
GEAR 
PUMP 
ADAPTOR 
РА BEARING 
IMPELLER WEAR RETAINER 
GASKET SEAL ASSY. PLATE RINGS 





Fig. 2 - Raw Water Pump used on V-Type 
Engine 
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Fig. 3 - V.Type Engine Impeller Seal Detail 


CAUTION: If the impeller is reuseable, exercise 
care to prevent damage to the splined surfaces. 


3. Remove the cam retaining screw and withdraw the 
cam and wear plate assembly. 


4. Remove the seal assembly (Fig. 3) from the pump 
used on the V-type engine by inserting two wires with 
hooked ends between the pump housing and the seal. 
with the hooks over the edge of the carbon seal. 
Remove the seal seat and gasket in the same way. 


The seal may be removed from the pump used on the 
In-line engine by drilling two holes in the seal case 
and placing metal screws in the holes so that they may 
be grasped and pulled with pliers. Then remove the 
rubber seal ring from the groove in the former pump 
housing. 


5. Clean and inspect the impeller, cam and wear plate 
assembly and water seal. The impeller must have a 
good bond between the neoprene and the metal. If the 
impeller blades are damaged, worn or have taken a 
permanent set, replace the impeller. Reverse the wear 
plate if it is worn excessively and remove any burrs. 
Replace the seal, if necessary. 


6. Install the seal assembly in the pump used on the 
V-type engine as follows: 


a. If the seal seat and gasket were removed, place the 
gasket and seal seat over the shaft and press them 
into position in the seal cavity. 


b. Place the seal ring securely in the ferrule and, with 
the carbon seal and washer correctly positioned 
against the ferrule, slide the ferrule over the shaft 
and against the seal seat. Use care to ensure the 
seal ring 1s contained within the ferrule so that it 
grips the shaft. 


c. Install the flat washer and then the marcel washer. 





Install the face-type water seal and spacer over the 
shaft in the impeller end of the current pump housing. 
Push the seal against the spacer. The seal is a snug fit 
on the shaft. 


A lip type seal may be installed in the former pump 
used on the In-line engine by placing the rubber seal 
ring in the groove, starting the seal with the lip facing 
the impeller cavity over the shaft and tapping it into 
place against the seal spacer. 


7. Install the cam and wear plate assembly. 


NOTE: Formerly the wear plate was installed 
separately with the contoured surface fitting 
under the cam. Currently the wear plate is 
round and is doweled to the cam. The wear 
plate must be installed with the cam in the 
pump housing as an assembly. 


8. Apply a non-hardening sealant to the cam retaining 
screw and the hole in the pump body to prevent any 
leakage. Then hold the cam with the tapped hole 
aligned and secure it with the screw. 


9. Compress the impeller blades to clear the offset cam 
and press the impeller on the splined shaft. 


10. Install the neoprene spline seal(s) in the bore of 
the impeller. 


11. Turn the impeller several revolutions in the normal 
direction of rotation to position the blades. 


12. Affix a new gasket and instal] the pump cover. 


Remove Pump from Engine 


If complete disassembly or replacement of the pump is 
necessary, it may be removed from the engine as 
follows: 


1. Drain the raw water system. 


2. Remove the water inlet and outlet elbows and 
discard the gaskets. 


3. Remove the bolts that secure the pump adaptor to 
the flywheel housing. 


4. Tap the edge of the adaptor with a plastic hammer 
to loosen the pump. 


5. Pull the pump straight out from the flywheel 
housing so the drive gear will disengage the coupling. 


6. Cover the pump opening in the flywheel housing 
with a clean cloth to prevent the entrance of foreign 
matter. 
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Disassemble Pump 


Follow the procedure outlined under Replace Pump 
Seal for the removal of the impeller, cam and wear 
plate assembly and water seal assembly and then 
proceed as follows: 


l. Mark the pump housing and adaptor to aid in 
reassembly. Then remove the bolts and separate the 
housing and adaptor. 


2. Clamp the V-type engine pump drive gear and 
housing assembly in a vise with soft jaws and remove 
the drive gear retaining nut. Take out the Woodruff 
key and remove the assembly from the vise. 


Use puller J 4794-01 to remove the drive gear from 
the in-line engine pump. 


3. Remove the bearing retainer ring from the groove 
in the housing. 


4. Support the pump body in an arbor press with the 
splined end of the pump drive shaft under the ram of 
the press. Place a brass rod on the end of the shaft. 
Then press the shaft and bearing assembly out of the 
pump housing. 


5. Remove the slinger from the opening in the top of 
the pump housing, then remove the bearing seal from 
the inside of the housing. 


NOTE: Remove the bearing retainer ring from 
the groove in the pump shaft on the V-type 
engine pump. 


6. Place a suitable sleeve over the shoulder on the 
pump drive shaft and against the inner race of the 
bearing. Place the sleeve, shaft and bearing assembly 
on the bed of an arbor press with the threaded end of 
the shaft up. Hold a brass rod on the end of the shaft 
and under the ram of the press. Then press the 
bearing off of the shaft. 


Inspect Pump Parts 


After disassembling the pump, clean all of the parts. 
except the bearing, and dry them with air. Wipe the 
bearing with a clean cloth. The shielded bearing must 
not be dipped or washed in fluid. 


Hold the bearing inner race and revolve the outer race 
slowly. Replace the bearing if it has rough spots, 
corrosion. 1s worn or does not roll freely. 


On the V-type engine pump, inspect the carbon seal 
components. Replace worn or damaged parts as 
necessary. 


Check the pump drive shaft seal contact surfaces for 
wear. Remove any scratches with crocus cloth wet with 
fuel oil. 


Refer to Item 5 under Replace Pump Seal for the 
inspection of the remaining parts. 


Assemble Pump 


Only the current In-line engine pump housing is 
serviced. When replacing a former housing, it is 
necessary to include the new face-type water seal and 
spacer. 


NOTE: Stamp the former cover to identify that 
the pump now has a new housing and water 
seal. 


Use new parts where necessary and assemble the 
pump as follows: 


l. Lubricate the inside diameter of the drive shaft 
bearing with engine oil and start it, numbered side up, 
straight on the drive gear end of the shaft. Place а 
suitable sleeve over the shaft and against the inner 
race of the bearing. Support the sleeve, bearing and 
shaft on the bed of an arbor press and press the shaft 
into the bearing until the shoulder on the shaft is tight 
against the bearing inner race. 


NOTE: On the V-type engine pump, install the 
bearing retainer ring in the groove on the shaft. 


2. Coat the lip of the seal lightly with grease and place 
it in position in the pump housing with the lip of the 
seal facing away from the bearing cavity. 


3. Start the splined end of the drive shaft into and just 
through the inner bearing seal in the center of the 
pump housing from the drive flange end. Place the 
slinger in the opening in the top of the housing and 
over the end of the shaft. Carefully push the shaft 
straight into the housing until the bearing starts into 
the bearing bore. Use caution to prevent damage to 
the slinger. 


4. Support the impeller end of the housing on the bed 
of an arbor press. Place a suitable sleeve on the outer 
race of the bearing and under the ram of the press 
and press the bearing straight into the bearing cavity 
in the pump housing. 


5. Install the bearing retainer ring in the groove in the 
housing. 


6. Lubricate the bore of the drive gear and start it on 
the shaft. 
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NOTE: A Woodruff key is used with the shaft in 
the V-type engine pump. 


7. Support the in-line engine pump housing and drive 
shaft assembly on the bed of an arbor press with the 
splined end of the drive shaft resting on a steel block 
and the drive gear under the ram of the press. Press 
the gear on the shaft until it is tight against the 
shoulder. 


Clamp the V-type engine pump drive gear and 
housing assembly in a vise with soft jaws and install 
the gear retaining nut and lock washer. Tighten the 
nut to 25-30 Ib-ft torque. Then remove the pump 
assembly from the vise. 


CAUTION: Exceeding the specified torque may 
cause a pump drive shaft failure. 


8. Place a new gasket on the pump adaptor, align the 
match marks and install the pump housing on the 
adaptor with the bolts and lock washers. Tighten the 
bolts to 30-35 Ib-ft torque. 


9. Follow the procedure outlined under Replace Pump 


Seal for the installation of the impeller, cam and wear 
plate assembly and water seal assembly. 


Page 4 


Install Pump 


The raw water pump may be installed on the engine 
by reversing the procedure for removal. 


The pump end cover is marked to indicate the outlet 
port for a RH rotation and the outlet port for a LH 
rotation pump installation. These markings are an aid 
to prevent any difficulty with regard to water flow 
direction. 


After the pump has been installed, prime it before 
starting the engine. 


Draining Pump 


The raw water pump is not provided with a drain 
valve. If freezing temperatures are anticipated and the 
engine is not going to be operated or the engine is 
being placed in storage, it is recommended that the 
raw water pump impeller housing be drained in 
addition to draining the engine cooling system. 


Drain the raw water pump impeller housing by 
carefully pulling the pump cover away from the 
housing after loosening the screws. If the gasket is 
damaged, the cover will have to be removed and the 
gasket replaced. 


After the pump has been drained, replace the cover 
and tighten the screws. 
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WATER FILTER AND CONDITIONER 


The engine cooling system water filter and conditioner 
(Fig. 1) is a compact by-pass type unit with a 
replaceable element. 


A correctly installed and properly maintained water 
filter and conditioner provides a cleaner engine 
cooling system, greater heat dissipation, increased 
engine efficiency through improved heat conductivity, 
and contributes to longer life of engine parts. 


The filter provides mechanical filtration by means of a 
closely packed element through which the water 
passes. Any impurities such as sand and rust particles 
suspended in the cooling system will be removed by 
the straining action of the element. The removal of 
these impurities will contribute to longer water pump 
life and proper operation of the thermostat. 


The filter also serves to condition the coolant by 
softening the water to minimize scale deposits, 
maintain an acid-free condition and act as a rust 
preventive. 


Corrosion inhibitors are placed in the element and 
dissolve into the water, forming a protective rust-proof 
film on all of the metal surfaces of the cooling system 
(refer to Section 13.3). The other components of the 
element perform the function of cleaning and 
preparing the cooling passages while the corrosion 
inhibitors protect them. 


Filter Installation 


If a water filter and conditioner is to be installed on an 
engine which has been in service, drain and flush the 
cooling system prior to installation of the filter. 


Filter Maintenance 


Replace the chemically activated element periodically 
and buff the lower corrosion resistor plate on the 
former filter each time (discard the plate if excessive 
metal loss or pitting is evident) to ensure effective 
protection of the cooling system. 


If the water filter is installed on an engine which has 
previously been in service, it may be necessary to 
change the filter element two or three times at 
intervals of 6,000 miles or less to clean up 
accumulations of scale and rust in the cooling system. 
It is advisable to drain and flush the system during 


these initial change intervals. 


Change the filter element periodically as outlined in 
Section 15.1. 





GASKET ELEMENT 
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Fig. 1 - Water Filter and Conditioner 


Make-up water up to approximately 40% of the total 
capacity of the cooling system may safely be added 
before a filter element change is required. 


NOTE: Sea water must never be used for make- 
up water in a marine engine, except under 
emergency conditions. If it is necessary to use 
sea water, the cooling system must be 
completely drained and flushed with fresh 
water upon reaching port. The water filter 
element must be changed and on the former 
type filter the resistor plates inspected for 
pitting. Presence of salt in the coolant results in 
rapid pitting of the resistor plates. 


If it is necessary for any reason to drain the cooling 
system before an element change, the treated water 
should be saved and re-used. If the treated water is 
discarded, a new filter element must be installed since 
the protective agents in the used filter will have been 
partially consumed in treating the discarded water. 


Service 


Whenever the water filter is removed and reinstalled. 
the filter must have metal-to-metal contact (grounded), 
either directly with the mounting surface or through 
the mounting bolts. 


aer 
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The current water filter includes a non-chromate type 
element. This element can be used in place of either of 
the former water filter elements (permanent type anti- 
freeze or plain water type) and thus provides year 
around cooling system protection. The current and the 
former water filter elements are completely inter- 
changeable in the former filter can (refer to 
Section. 13.3). 


Replace the element and service the water filter and 
conditioner as follows: 


1. Close the water filter inlet and outlet shut-off valves. 
If shut-off valves are not provided, vise grip pliers can 
be used to clamp each hose closed during the filter 
change. 

2. Remove the filter cover-to-filter body bolts. 


3. Remove and discard the element. 


4. Remove and discard the corrosion resistor plates, if 
the former type filter is used. 
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5. Remove the sludge and sediment and wash the 
sump and filter body. Dry it thoroughly with 
compressed air. 


6. Replace the drain plug, if removed, in the bottom of 
the filter. 


7. Insert the new element. 


8. Use a new filter cover gasket, install the filter cover, 
and tighten the bolts evenly. 


9. Open the inlet and outlet lines by opening the shut- 
off valves or removing the vise grip plier clamps. 


10. Operate the engine and check for leaks. The top of 
the filter and the outlet line should feel warm to the 
touch with the rise in coolant temperature. If not, 
disconnect the filter outlet line at the end opposite the 
filter connection to bleed the air from the system and 
reconnect the line. Use caution to minimize coolant 
loss. 
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SHOP NOTES 


The Jabsco raw water pump is equipped with a 
synthetic rubber impeller. Since synthetic rubber loses 
its elasticity at low temperatures, impellers made of 
natural rubber should be installed when it is necessary 


to pump raw water that has a temperature below 40°F 


The synthetic rubber impeller must be used when the 
pump operates with water over 40°F. 

The natural rubber impeller can be identified by a 
stripe of green paint between two of the impeller 
blades. 


EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


APPLICATION THREAD TORQUE 
SIZE (lb-ft) 
Water pump cover bolt sss] eee 5/16-18 6-7 
Fan hub retaining nut (6V engines) aa 1/2 -20 35-40 
Fan shaft bolt (V-type engines) ..................... | OMM Mee СС, 1/2 -20 83-93 
Raw water pump drive gear retaining пиї _......:.................................. | 5/8 -18 30-35 
SERVICE TOOLS 
TOOL NAME TOOL NO. 
Holder MOTOR е aA J 358.1 
Remover and тае: «e teet te ein RR uy EU EN A ME LAO D Ub J 1930 
Installer; уллуз иба o ett OO St A emet et РА, spem J 22091 
Ри!ег._................ ЕГИ бо ЫЫ DC ME m а J 4794-01 
Handle .............. SPEC" EE J 7092-2 
Plates cocer e esc le eee J 8329 
SPECIFICATIONS 
STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 
THREAD TORQUE THREAD TORQUE 
SIZE (Ib-ft) SIZE (Ib-ft) 
1/4. DO hes trees etis sese uo tette eta 7-9 SCOPE 90-100 
ПА ОВ cce teeth Mare e eate ta 8-10 9/16-18.. oe ete pde tS 107-117 
D/IOzIB» t.e ertet sts 13-17 D/8 SIMI, Мы зи калы б e etnies ens 137-147 
5/16:24- * conces ei avs 15-19 5/8 -18_............. PEI EE fett netto 168-178 
SAE SLO. ados ыы eL Л eG ds pc 30-35 3/4 CTO: unn Ate S UR 240-250 
3/8 -24 а 35-39 З T6. о D nO ОКА 290-300 
ZIGA o EE onte met tette Амым: 46-50 po^ EO PET 410-420 
FANORZON, cse er B ER 57-61 ВТА PEE 475-485 
T4 2: Ee - cette coe eet eter ды oneris 71-75 AA. NEL E EE 580-590 
142.20. *. хл SL teet Жо Бы сый, 83-93 MEUM EET 685-695 
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SECTION 6 
EXHAUST SYSTEM 


CONTENTS 


Exhaust Ѕуѕћет............................ аа. 


Exhaust Manifold (Air-Cooled) ......................... 
Exhaust Manifold (Water-Cooled).................... 


EXHAUST SYSTEM 


Fan and radiator cooled engines are equipped with an 
air-cooled exhaust manifold. A water-cooled exhaust 
manifold is provided for engines incorporating a heat 
exchanger or keel cooling system. 


The outlet flange may be located at the end or at the 
mid-section of the exhaust manifold, depending upon 
the installation requirements. A flexible exhaust 


connection or a muffler may be attached to the outlet 
flange. 


The exhaust manifold is attached to studs located 
between the exhaust ports and the outer side of the 
two end ports in the cylinder head. Special washers 
and nuts secure the manifold to the cylinder head. 
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EXHAUST MANIFOLD (AIR COOLED) 


Two types of exhaust manifolds are used. One type 
has an outlet to accommodate a square exhaust outlet 
flange (Fig. 1) and the other has a circular outlet 
which is connected to the exhaust pipe with a 
Marmon-type clamp (Fig. 2) Current manifolds, 
flanges (square) and flange gaskets have SAE standard 
dimensions. 


On engines equipped with a mechanical automatic 
shut-down system, the exhaust manifold is provided 
with two 5/16" -18 tapped bolt holes and a 7/8" 
drilled hole to permit installation of the temperature 
shut-down valve adaptor and plug assembly. 


Remove Exhaust Manifold 


l. Disconnect the exhaust pipe or muffler from the 
exhaust manifold flange. 


2. If the engine is equipped with a mechanical 
automatic shut-down system, remove the two bolts and 
lock washers and withdraw the shut-down valve 
adaptor and plug assembly from the exhaust manifold. 


3. Loosen, but do not remove, one of the center 
exhaust manifold nuts. Remove the other nuts and 
washers. 


4. Support the manifold and remove the center nut 
and washer. 


M 


(FK 


EXHAUST 
MANIFOLD 





5. Remove the manifold and gasket from the cylinder 
head. 


Inspection 


Remove any loose scale and carbon that may have 
accumulated on the internal walls of the exhaust 
manifold. Clean the manifold and check for cracks, 
especially in the holding lug areas. 


Clean all traces of gasket material from the cylinder 
head. 


Examine the exhaust manifold studs. Replace dam- 
aged studs. Apply sealant to the threads and drive new 
studs to 25-40 lb-ft torque (1.40" to 1.50" height). 


Install Exhaust Manifold 


l. Place a new gasket over the studs and against the 
cylinder head. 


2. Position the exhaust manifold over the studs and 
hold it against the cylinder head. 


3. [Install the washers and nuts on the studs. If beveled 
(dished) washers are used, position them so that the 
crown side faces the nut. On some engines, crabs are 
used in place of washers at the end positions (Fig. 2). 


- WASHER 


Fig. 1 - Typical Air-Cooled Exhaust Manifold (Square Flange) Mounting 
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Fig. 2 - Exhaust Manifold with Marmon Flange 


Beginning with one of the center stud nuts and valve adaptor and plug assembly in the exhaust 
working alternately toward each end of the manifold, manifold and secure it with two bolts and lock 
üghten the nuts to 30-35 ]b-ft torque. washers. 

4. If the engine is equipped with a mechanical 5. Connect the exhaust pipe or muffler to the exhaust 
automatic shut-down assembly, install the shut-down manifold flange. 
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EXHAUST MANIFOLD (Water Cooled) 


A water jacket surrounds the exhaust chamber in the 
cast iron water-cooled exhaust manifold illustrated in 
Fig. 1. The engine coolant flows from the rear of the 
cylinder head through the water jacket around the 
exhaust manifold and through the thermostat housing 
and the water by-pass tube to the water tank. 


Remove Exhaust Manifold 


1. Remove the water tank filler cap and open the vent 
valve at the front end of the exhaust manifold. 


2. Drain the cooling system. 


3. Disconnect the exhaust pipe from the exhaust 
manifold flange. 


4. Loosen the hose clamps and slide the hose back on 
the water inlet connector attached to the rear end of 
the cylinder head. On some engines, the connector is a 
formed hose which can be removed. 


5. Disconnect the water tank vent tube, if used, at the 
exhaust manifold. 


6. Loosen the hose clamps and slide the hoses back on 
the water by-pass tube and the heat exchanger water 
inlet tube or the thermostat housing. 


7. If a water filter 15 used. disconnect the filter hose to 
the exhaust manifold. 


8. Loosen the hose clamps at each end of the raw 
water pump outlet intermediate tube and slide the 


EXHAUST MANIFOLD 


hose back on the tube at the curved end, then slide the 
tube out of the hose at the heat exchanger end. 


9. Support the manifold and remove the nuts and 
washers which secure it to the cylinder head. 


10. Remove the manifold and manifold gasket. 


11. If necessary, remove the exhaust manifold flange 
at the rear of the manifold and the water outlet flange 
at the front. 


Inspection 


Remove the loose scale and carbon that may have 
accumulated on the internal walls of the exhaust 
manifold. 


Clean all traces of gasket material from the cylinder 
head. 


Examine the exhaust manifold studs for damage. If 
necessary, replace the studs. Apply sealant to the 
threads and drive new studs in to a height of 1.40" to 
1.50" or to 25-40 Ib-ft torque. 


Install Exhaust Manifold 


1. If removed, install the exhaust flange and water 
outlet flange on the exhaust manifold. 


2. Place a new gasket over the studs and against the 
cylinder head. 





m——Ó——— n 


(C 





Fig. 1 - Typical Water-Cooled Exhaust Manifold Mounting (In-Line Engine) 





April, 1971 SEC. 6.1.1 Page 1 


6.1.1 


Exhaust Manifold (Water-Cooled) 


DETROIT DIESEL 53 


EXHAUST 


ИЯ MANIFOLD PP 





Fig. 2 - Typical Water-Cooled Exhaust Manifold Mounting (8V Engine) 


3. Position the exhaust manifold over the studs and 
hold it against the cylinder head. 


4. Install the washers and nuts on the studs. Beginning 
with one of the center stud nuts and working 
alternately toward each end of the manifold. tighten 
the nuts to 30-35 Ib-ft torque. 


5. Slide the hoses in place on the water by-pass tube 
and the heat exchanger water inlet tube or the 
thermostat housing and tighten the hose clamps. 


6. [Install the formed hose or slide the hose in place on 
the water inlet connector attached to the rear of the 
cylinder head. Tighten the hose clamps. 


7. If used. connect the water tank vent tube to the 
exhaust manifold. 
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8. If the engine 15 equipped with à water filter. connect 
the filter hose to the exhaust manifold. 


9. Install the raw water pump outlet intermediate tube, 
slide the hoses in place and tighten the hose clamps. 
10. Connect the exhaust pipe to the exhaust manifold 
flange. 


11. Close the drain valves and fill the cooling system. 


12. Close the vent valve at the front end of the exhaust 
manifold and install the water tank filler cap. 


13. Start the engine and check for leaks in the cooling 
system. 
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CONTENTS 





Electrical System. ena eee tp idee e E EE ERE PRO ORIS FIER EORR Yee ERREUR 7 
Battery-Charging Generator... enne net nen entente nente nns 7.1 
Battery-Charging Generator Regulator... а 7.1.1 
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Engine Protective Systems 7.4.1 
Alarm $узїет.......................... 7.4.2 
Overspeed. Governors... арене ааа ӨЙНЕ КУННИН 7.4.3 
Power Generator and Controls esse eee eee eene eene 7.5 
Shop Notes - Trouble Shooting - Specifications - Service Тоо!............................ 7.0 


ELECTRICAL SYSTEM 


A typical engine electrical system generally consists of 
à Starting motor. а battery-charging generator 
(alternator). a transistor combination voltage regula- 
tor. current regulator and cutout relay to protect the 
electrical system, a storage battery and the necessary 
wiring. 


Additional equipment such as an engine protective 
system may also be included. 


Jetailed information on maintenance and repair of 
the specific types of electrical equipment can be found 
in the service manuals and bulletins issued by the 
equipment manufacturer. Information regarding 
equipment manufactured by the Delco-Remy Division 
of General Motors Corporation may be obtained from 


their electrical equipment operation and maintenance 
manuals. The manuals may be obtained from United 
Delco Division. or from the Technical Literature 
Section. Delco-Remy Division of General Motors 
Corporation. Anderson, Indiana. 


In most instances, repairs and overhaul work on 
electrical equipment should be referred to an 
authorized repair station of the manufacturer of the 
equipment. Replacement parts for electrical equipment 
should be ordered through the equipment manufactur- 
er’s outlets, since these parts are not normally stocked 
by Detroit Diesel Allison. For electrical equipment 
manufactured by Delco-Remy Division, repair service 
and parts are available through United Delco Division 
branches and repair stations. 
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BATTERY-CHARGING GENERATOR (D.C. and А.С.) 


The battery-charging circuit consists of a generator 
(alternator), regulator. battery and the wiring. The 
batiery-charging generator is introduced into the 
electrical system to provide a source of electrical 
current for maintaining the storage battery in a 
charged condition and to supply sufficient current to 
carry any other electrical load requirements up to the 
rated capacity of the generator. 


Direct current generators (Fig. 1) are manufactured in 
a wide range of sizes and types. but the basic design of 
all D.C. generators is the same. The size and type of 
generator applied to a particular engine depends on 
many factors, including maximum electrical load, type 
of service, percentage of engine idling to running 
time, type of drive, drive ratio (engine speed to 
generator speed). generator mounting and environ- 
mental conditions. 


The alternating current self-rectifying generator 
(alternator), Figs. 2 and 3, is especially beneficial on 
an engine with extra electrical accessories and one that 
has to operate for extended periods at idle speeds. 
Diodes. built into the slip ring end frame. rectify the 
three phase A.C. voltage to provide D.C. voltage at the 
battery terminal of the generator. thereby eliminaung 
the need for ап external rectifier. The alternator is also 
available in a variety of sizes and types. 


The proper selection of a generator which will meet 
the needs of the battery-charging circuit on the 
particular engine is mandatory. This, together with 
adherence to the recommended maintenance proce- 
dures, will reduce generator troubles to a minimum. 
Since most generators adhere to the same basic design, 
the maintenance, removal and installation procedures 
for all are similar. 


Generator Maintenance 


l. Maintain the proper drive belt tension. Replace 
worn or frayed belts. Belts should be replaced as a set 
when there is more than one belt on the generator 
drive. 


2. Lubricate the generator bearings as outlined in the 
Lubrication and Preventive Maintenance Chart in 
Section 15.1. 


Remove Generator 


l. Disconnect all of the leads from the generator and 
tag each one to ensure correct re-installation. 


2. Loosen the generator mounting bolts and nuts and 
the adjusting strap bolt. Then, remove the generator 
drive belts. 
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Fig. 1 - Typical Direct Current Generator 
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Fig. 2 - 30 DN Type 100 A.C. Self-Rectifying Generator (Alternator) 
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Fig. 3- 10 DN Type 112 A.C. Self-Rectifying Generator (Alternator) 
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3. While supporting the generator. remove the 
adjusting strap bolt and washers and the mounting 
bolts, washers and nuts. Then remove the generator. 


4. Remove the pulley assembly if the generator is to be 
replaced. 


Instal! Generator 


1. Install the generator drive pulley, if it was removed. 
Tighten the pulley retaining nut to 60 lb-ft torque. 


NOTE: If the pulley was not removed, check the 
retaining nut for proper torque. 


2. Position the generator on the mounting brackets 
and start the bolts, with lock washers, through the bolt 
holes in the generator end frames. If nuts are used. 
insert the bolts through the bolt holes and then install 
the lock washers and nuts. 


3. Align the threaded hole in the extension ear of the 
drive end frame with the slot in the adjusting strap. 
Start the bolt. with the lock washer and plain washer. 
through the slot of the adjusting strap and into the 
threaded hole in the generator end frame. 


4. Place the drive belts in the grooves of the pulleys. 


5. Adjust the generator belt tension as outlined in 
Secuon 15.1. 


6. Attach the wires and cables. Be sure that each one 1s 
correctly installed in accordance with its previous 
location on the generator. Keep all connections clean 
and tight. 


Polarizing D. C. Generator 


After each check or adjustment of the voltage 
regulator or generator. particularly after the leads 
have been disconnected and then reconnected. it is 
necessary to polarize the D.C. generator before 
staring the engine. This is to ensure correct polarity 
with respect to the battery. 


CAUTION: Never attempt to polarize an 
alternator. 


Failure to polarize a D.C. generator will result in 
burned or stuck cutout relay contact points in the 
regulator. a rundown battery and damage to the 
generator. 


The procedure for correctly polarizing a generator will 
vary with the type of electrical equipment installed 
and upon the generator regulator wiring circuit. If the 
generator field is grounded through the regulator, 1t is 
an “A” circuit; if it is internally grounded. it is a “В” 
circuit. 


If Delco-Remy electrical equipment is installed, 
reference can be made to ihe Delco-Remy "Electrical 
Equipment Manual” and “Test Specifications" (refer 
to Section 7) to determine the type of circuit 
applicable to the regulator being used. Since it is 
possible to have either an “A” or “B” circuit regulator 
with any given generator, the polarizing procedures 
must be carefully adhered to. Use of the wrong 
polarizing procedure or neglecting to polarize will 
result in reversed generator polarity and serious 
damage to electrical components. 


After ascertaining the correct circuit used, polarize the 
generator as outlined below: 


1. “A” Circuit: 


Connect a jumper lead momentarily between the 
“BAT” and “GEN” terminals of the regulator. 


2. "B" Circuit: 


Remove the ^F" lead from the regulator and 
momentarily connect it to the "BAT" terminal of 
the regulator. 


A momentary surge of current to the generator 
correctly polarizes it with respect to the battery. 


Alternator Precautions 


Precautions must be taken when working on or around 
alternators. The diodes and transistors in the 
alternator circuit are very sensitive and can be easily 
destroyed. 


Avoid grounding or shorting the output wires or the 
field wires between the generator and the regulator. 


Grounding ап А.С. generator’s output wire or 
terminals, which are always “hot” regardless of 
whether or not the engine is running, or accidental 
reversing of the battery polarity will destroy the 
diodes. Grounding the field circuit will also result in 
the destruction of the diodes. Some voltage regulators 
provide protection against some of these circum- 
stances. However, it is recommended that extreme 
caution be used. 
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Fig. 4 - 20 DN Type 250 А.С. Self-Rectifying Generator (Alternator) 


Accidentallv reversing the battery connections must be 
avoided. 


Never disconnect the battery while an alternator is in 
operation. Disconnecting the battery may result in 
damage to the generator diodes due to the momentary 
high voltage and current generated by the rapid 
collapse of the magnetic field surrounding the field 
windings. 


In marine applications. which have two sets of 
batteries, switching from one set of batteries to the 
other while the engine is running will momentarily 
disconnect the batteries and result in damage to the 
generator diodes unless the field circuit is opened first. 


If a booster battery is to be used, the batteries must be 


connected correctly (negative to negative and positive 
to positive). 


Never use a fast charger with the battery connected or 
as a booster for battery output. 


Never attempt to polarize the alternator. 


The alternator diodes are also sensitive to heat and 
care must be exercised to prevent damage to them 
from soldering irons. etc. 


If faulty operation of an alternator occurs on an 
engine equipped with an insulated starting motor. 
check to be sure that a ground strap is present and 15 
correctly installed. 
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BATTERY-CHARGING GENERATOR REGULATOR 


D.C. CHARGING CIRCUIT 


To regulate the voltage and current output of the 
battery-charging generator and to maintain a fully 
charged storage battery, several protective devices are 
employed, depending on the type of electrical system. 
The most representative of these devices is the “three- 
unit" regulator (Fig. 1). 


These regulators are identified as: 


a. A "Circuit A" unit in which the generator field 
circuit is connected to ground within the regulator 
and is used only with generators having an 
externally grounded field circuit. 


b. A "Circuit B" unit in which the generator field 
circuit passes through the regulator and returns to 
ground inside the generator itself. This regulator 
must be used only with “Circuit B" generators in 
which the field is internally grounded. 


The regulators are dust and moisture-proofed. On 
most applications, it is necessary to use shock mounts 
which insulate the regulator against vibration but 
necessitates the installation of a ground lead. 


The three-unit regulator consists of a cutout relay, a 
voltage regulator and a current regulator mounted in a 
single assembly as shown in Fig. 1. These three units 
are basic and generally apply to most regulators in a 
D.C. generator system. 


CUTOUT RELAY 


The cutout relay (Fig. 2) has two windings assembled 
on one core; a series winding of a few turns of heavy 


CUT-OUT RELAY 


CURRENT REGULATOR 


VOLTAGE REGULATOR 





Fig. 1 - Typical Regulator Assembly 





CUTOUT 
RELAY 


CURRENT 


BATTERY 


Fig. 2 - Wiring Circuit of Typical Three-Unit 
Regulator 


wire and a shunt winding of many turns of fine wire. 
The relay core and windings are assembled into а 
frame. A flat steel armature is attached to the frame 
by a hinge so it is centered just above the center of the 
core. The armature has two or more contact points 
which are located just above a similar number of 
stationary contact points. 


Operation 


When the engine is not running, the armature contact 
points of the relay are held away from the stationary 
points by tension of a leaf spring. 


As the engine starts and the generator speed increases. 
the current flowing through the shunt winding builds 
up until it reaches the value for which the relay has 
been set. At this point, sufficient magnetism overcomes 
the armature spring tension, the contact points close 
and the current flows to the battery. Then the current 
which flows through the series winding is in the right 
direction to add to the magnetic force holding the 
armature down and the points closed. 


When the engine is slowed down or stopped, current 
will begin to flow from the battery to the generator. 
This reverses the direction of current flow through the 





May, 1971 SEC. 7.1.1 Page 1 


7.1.1 


Battery-Charging Generator Regulator 


DETROIT DIESEL 53 





series winding, causing a reversal of the series winding 
magnetic field. The magnetic field of the shunt 
winding does not reverse. Therefore, the two windings 
now oppose each other magnetically and the resultant 
magnetic field 15 not strong enough to hold the 
armature down. The leaf spring pulls the armature 
away from the core and the points separate. opening 
the circuit between the generator and the battery. 


CAUTION: The regulator cutout relay contact 
points must never be closed by hand with the 
battery connected. This would cause a high 
current flow through the units and damage 
them. 


VOLTAGE REGULATOR 


The voltage regulator (Fig. 2) has two windings on a 
single core. One is a shunt winding consisting of many 
turns of fine wire which, in series with a resistor. 1s 
shunted across the generator at all times. The second 
winding is a field current winding which is connected 
between the generator field circuit апа ground 
whenever the regulator contact points are closed. In 
addition to the core frame. armature and contact 
points, the unit has a spiral spring which holds the 
armature away from the core so the two contact points 
are touching when the voltage regulator is not 
operating. 


Operation 


When the generator voltage reaches the value for 
which the voltage regulator is adjusted. the combined 
magnetic field produced by the shunt winding and the 
field current winding overcomes the armature spring 
tension, pulls the armature down and separates the 
voltage regulator contact points. This introduces 
resistance into the generator field circuit so the 
generator field current and generator voltage are 
reduced. The lowering of the output of the generator 
causes the points to close again, thereby removing the 
resistance and increasing the generator output. The 
complete cycle of opening and closing the points and 
the alternate inserting and removing of the resistance 
in the generator field circuit is done rapidly. thus 
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limiting the the generator voltage to a predetermined 
maximum value. With the generator voltage limited. 
the generator supplies varying amounts of current to 
meet the requirements of varying states of battery 
charge and electrical loads. 


CURRENT REGULATOR 


The current regulator (Fig. 2) contains two windings 
assembled on one core; a series winding and a field 
current winding. The series winding, consisting of a 
few turns of heavy wire. is connected into the charging 
circuit so that the full output of the generator passes 
through it. The field current winding is connected in 
series with the generator field circuit so that the field 
current flows through the field winding when the 
regulator contact points are closed. 


The outward appearance of the current regulator is 
similar to that of the voltage regulator. 


Operation 


The magnetism produced by current flowing through 
the series winding overcomes the armature spring 
tension and the contact points open when the current 
reaches the value for which the current regulator 15 
adjusted. This inserts a resistance into the generator 
field circuit, resulung in а drop in generator output. 
Immediately, the magnetic field of the series winding 
is weakened, the contact points close. the generator 
output starts to increase and the cycle is repeated. This 
action prevents the generator from exceeding its rated 
output. 


Therefore. when the load demand is heavy, generator 
output will increase until it reaches the current value 
for which the current regulator is set: then the current 
regulator will begin to operate and pre-regulate the 
current output from the generator. 


After any check or adjustment of the voltage 
regulator, it is necessary to polarize the generator 
before starting the engine to assure correct polarity 
with respect to the battery (refer to Section 7.1). 
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A.C. CHARGING CIRCUIT 


The alternating current generator regulator is similar 
in outward appearance to the regulator used with the 
D.C. generator. The D.C. and A.C. regulators are 
NOT interchangeable. 


The internal wiring circuits. of all standard А.С. 
generator regulators are similar, but the internal 
connections vary somewhat according to the method 
used to control the circuit breaker relay. 


There are two and three unit standard A.C. generator 
regulators; the two unit regulators have a circuit 
breaker relay controlled by a relay rectifier or by an 
oil pressure switch and the three-unit regulators have a 
circuit breaker relay controlled by a built-in control 
relay. 


The generator field circuit is insulated in the generator 
and grounded in the regulator. This type of connection 
is designated as Circuit "A". 


NOTE: Each type of regulator is used with a 
certain circuit. Do not attempt to interchange 
regulators. 


The two unit A.C. generator regulator has a circuit 
breaker relay and a voltage regulator unit while the 
three unit regulator is also equipped with a control 
relay in addition to the other two units. 


CIRCUIT BREAKER RELAY 


The circuit breaker relay has a core with the winding 
made up of many turns of fine wire. This core and 
winding are assembled into a frame. A flat steel 
armature is attached to the frame by a hinge and is 
centered above the core. Two contact points. supported 
by two flat springs on the armature. are located above 
two stationary contact points. The upper and lower 
contact points are held apart by the tension of a flat 
spring riveted to the top side of the armature. 


Operation 


When the D.C. voltage reaches the value for which the 
circuit breaker relay is adjusted. the magnetism 
induced in the core by current flow in the winding is 
sufficient to overcome the armature spring tension and 
the relay points close. Closing of the contact points 
connects the D.C. side of the power rectifier to the 
battery so that current will flow to the battery 
whenever the generator is driven at sufficient speed. 


The relay contact points remain closed as long as the 
D.C. voltage is enough to hold the relay armature 
against the core. They open when the voltage 
decreases to a value at which the magnetic pull of the 
core can no longer overcome the armature spring 
tension. 


VOLTAGE REGULATOR 


The voltage regulator unit has a core with a single 
shunt winding. This winding also consists of fine wire 
and is connected across the D.C. side of the power 
rectifier. The assembly and parts are similar to the 
circuit breaker relay. The matching upper contact 
point is supported by a detachable. contact support 
insulated from the frame. | 


Operation 


If the voltage regulator unit is not operating. the 
generator field circuit is completed to ground through 
the contact points which are held closed by the tension 
of a spiral spring acting on the armature. 


When the D.C. voltage of the A.C. - D.C. system 
reaches the value for which the voltage regulator is 
adjusted. the magnetic field produced by the shunt 
winding overcomes the armature spring tension and 
pulls the armature down. causing the contact points to 
separate. When the contact points separate, resistance 
is introduced into the field circuit. The resistance 
decreases the field current causing a corresponding 
decrease in generator voltage and magnetic pull on the 
regulator armature. This allows the armature spring 
tension to re-close the contact points. When the 
voltage again reaches the value for which the voltage 
regulator is adjusted. this cycle repeats and continues 
to repeat many times а second, thus limiting the 
voltage to the value for which the regulator is set. 


With the voltage limited in this manner. the generator 
supplies varying amounts of current to meet the 
various states of battery charge and electrical load. 


Voltage regulators are compensated for variations in 
temperature by means of a bi-metal thermostatic 
hinge on the armature. The effect of this hinge causes 
the regulator to adjust at a higher voltage when cold. 
which partly compensates for the fact that а high 
voltage is required to charge a cold battery. 
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acts to prevent oxidation of the voltage regulator 
contacts. Regulators incorporating the choke coil are 
identified by a spot of green paint on the regulator 
base, next to the single mounting bolt hole. 


CAUTION: A capacitor must not be installed 
unless the transistorized regulator incorporates 
the choke coil. 


Operation 


When the engine starting switch is closed, the field 
relay winding is energized and causes the contacts to 
close. Current then flows from the battery through the 
relay contacts to the regulator *F2" terminal. From 
this point, the current flows through the generator field 
winding and then through the transistor and voltage 
contact points to ground. 


As the generator speed increases, the increased voltage 
from the generator "BAT" terminal is impressed 


through the field relay contacts across the regulator 
shunt winding. The magnetism created in the winding 
causes the voltage contacts to open, thus causing the 
transistor to shut off the field current. The generator 
voltage then decreases and the voltage contacts re- 
close. This cycle repeats many times per second, 
thereby limiung the generator voltage to the value for 
which the regulator is set. 


The magnetism produced in an accelerator winding, 
when the voltage contacts are closed, aids the shunt 
winding in opening the contacts. When the contacts are 
open, the absence of the magnetism in the accelerator 
winding allows the spring to immediately re-close the 
contacts. This action speeds up the vibration of the 
contacts. 


CAUTION: Do not short across or ground any of 
the terminals on the regulator or the generator 
and do not attempt to polarize the generator. 


TRANSISTOR REGULATOR 


The transistor regulator is composed principally of 


transistors, diodes, capacitors and resistors to form a 
completely static electrical unit containing no moving 
parts. 


The transistor is an electrical device which limits the 
generator voltage to a pre-set value by controlling the 
generator field current. The diodes, capacitors and 
resistors act together to aid the transistor in 
performing this function, which is the only function 
that the regulator performs in the charging circuit. 


POTENTIOMETER V } А 
DRIVER EMMITTER- 
BASE RESIST 
©; 


“F? TERMINAL 
“POS” TERMINAL 





The voltage at which the generator operates is 
determined. by the regulator adjustment. Once 
adjusted, the generator voltage remains almost 
constant, since the regulator is unaffected by length of 
service, changes in temperature or changes in 
generator output and speed. 


A separately mounted field relay connects the 
regulator "POS" terminal and the generator field 
windings to the battery when the engine starting 
switch is closed. 


FILTER CONDENSER DRIVER 


TRANSISTOR 


FEED BACK 


AM CONDENSER 


FIELD DISCHARGE 


Di 
ODE SUPPRESSION BACK BIAS 


DIODE DIODE 


Fig. 4 - Transistor Regulator (Negative Ground Circuits Only) 
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PLUG 
(REMOVE TO ADJUST 
VOLTAGE SETTING) 





POTENTIOMETER ZENER 


SACK-BlAS CIOPE DRIVER COLLECTOR 


FIELD DISCHARGE DIODE RESISTOR 
DIODE 


VOLTAGE 
DIVIDER 
RESISTOR 


VOLTAGE DIVIDER 
RESISTOR 


EMITTER BASE 
RESISTOR 


FEED-BACK (£i SUPPRESSION 
CAPACITOR А DIODE 


FILTER 
CAPACITOR 


PANEL BOARD ASSEMBLY 


Fig. 5 - Transistor Regulator with Plug-In Connections 


The voltage regulator illustrated in Fig. 4 is designed 
for negative ground battery-charging circuits only. It 
has two exposed terminals. The voltage setting may be 
adjusted. by relocating a screw in the base of the 
regulator. 


The voltage regulator shown in Fig. 5 has shielded 
plug-in connections and requires a cable and plug 
assembly to connect the regulator into the battery- 
charging circuit. This type of regulator may be used in 
negative ground. positive ground and insulated 
charging circuits. The voltage setting may be adjusted 
by removing a plug in the cover and turning a slotted 
adjusting button inside the regulator. 


Operation 


When the engine starting switch is closed. the field 
relay winding is energized. which causes the relay 
contacts to close. 


In the negative ground circuit with the field relay 
contacts closed and the engine not running, generator 
field current can be traced from the battery through 
the relay contacts to the regulator “POS” terminal. 
Current then continues through the back-bias diode 
(D-1) and power transistor (TR-1) to the regulator 
"FLD" terminal. and then through the generator field 
winding to ground. completing the circuit back to the 
battery. 


When the generator begins to operate. A.C. voltages 
are induced in the stator windings. These voltages are 
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changed, or rectified. to a D.C. voltage which appears 
at the output, or "BAT". terminal on the generator. 
The generator then supplies current to charge the 
battery and operate vehicle accessories. 


As generator speed increases, the voltage reaches the 
pre-set value and the components in the regulator 
cause transistor TR-1 to alternately “turn off" and 
“turn on" the generator field voltage. The regulator 
thus operates to limit the generator output voltage to 
the pre-set value. 


In the positive ground circuit. when the switch is closed 
and the engine is not running. the field current can be 
traced from the battery positive ground to generator 
ground. and then to the regulator *POS" terminal. The 
current continues through diode 0-1 and transistor 
TR-I to the regulator “FLD” terminal. and then 
through the field winding and field relay contacts back 
to the battery, thus completing the circuit. Except for 
this primary difference, this circuit operates in the 
same manner as that described for the negative 
ground circuit. 


REGULATOR PRECAUTIONS 


Never short or ground the regulator terminals: do not 
attempt to polarize the circuit. 


Make sure all connections in the charging circuit are 
tight to minimize resistance. 


Refer to “А.С. Generator Precautions” in Section 7.1. 
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STORAGE BATTERY 


The lead-acid storage battery is an electro-chemical 
device for converting chemical energy into electrical 
energy. 


Function of Battery 
The battery has three major functions: 


і. It provides a source of current for starting the 
engine. 


2. It acts as a stabilizer to the voltage in the electrical 
system. 


3. It can. for a limited time. furnish current when the 
electrical demands exceed the output of the generator. 


Types of Batteries 
There are two types of batteries in use today. 


l. The dry charge battery contains fully charged 
positive plates and negative plates separated Бу 
separators. The battery contains no electrolyte until it 
is activated for service in the field and therefore leaves 
the factory dry. Consequently. it is called a dry charge 
battery. 


2. If the battery has been manufactured as a wet 
battery. it will contain fully charged positive and 
negative plates plus an electrolyte. This type of battery 
will not maintain its charged condition during storage 
and must be charged periodically to keep it ready for 
service. 


BATTERY RECOMMENDATION 


No. of 
Batt. | 
(12 Volt) Ё 


Connect 


Single 
Series 


Parallel 
Series 





*On highway vehicle - use high performance starter. 


NOTE: In the selection of a replacement battery. 
it is always good practice to select one of an 
"electrical size" at least equal to the battery 
originally engineered for the particular equip- 
ment by the manufacturer. 


Install Battery 


While the battery is built to satisfactorily withstand 
the conditions under which it will normally operate. 
excessive mechanical abuse leads to early failure. 


1. Be sure the battery carrier 1s clean and that the 
battery rests level when installed. 


2. Tighten the hold-down clamps evenly unul snug. 
However, do not draw them down too tight or the 
battery case will become distorted or will crack. 


3. Attach the cable clamps after making sure the 
cables and terminal clamps are clean and in good 
condition. To make the cable connections as corrosion 
resistant as possible. place a felt washer at the base of 
each terminal. beneath the cable clamps. Coat the 
entire connection with a heavy general-purpose grease. 
Be sure the ground cable is clean and tight at the 
engine block or frame. 


4. Check the polarity to be sure the battery is not 
reversed with respect to the generating system. 


5. Connect the grounded terminal of the battery last to 
avoid short circuits which will damage the battery. 


Servicing the Battery 


A battery is a perishable item which requires periodic 
servicing. Only when the battery 1s properly cared for 
as described below can long and trouble-free service 
be expected. 


і. Check the level of the electrolyte regularly. Add 
water if necessary. but do not overfill. Overfilling can 
cause poor performance or early failure. 


2. Keep the top of the battery clean. When necessary. 
wash with a baking soda solution and rinse with fresh 
water. Do not allow the soda solution to enter the cells. 


3. Inspect the cables, clamps and hold-down bracket 
regularly. Clean and re-apply a coat of grease when 
needed. Replace corroded or damaged parts. 


4. Use the standard battery test as the regular service 
test to check the condition of the battery. 


5. Check the electrical system if the battery becomes 
discharged repeatedly. 


Many electrical troubles caused by battery failures can 
be prevented by systematic battery service. In general. 
the care and maintenance recommendations for 
storage batteries are the same today as they have 
always been. 
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Battery Safety Precautions 


When batteries are being charged, an explosive gas 
mixture forms beneath the cover of each cell. Part of 
this gas escapes through the holes in the vent plugs 
and may form an explosive atmosphere around the 
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battery itself if ventilation is poor. This explosive gas 
may remain in or around the battery for several hours 
after it has been charged. Sparks or flames can ignite 
this gas causing an internal explosion which could 
Shatter the battery. 
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STARTING MOTOR 


The starting motor (Fig. 1) has a shift lever and 
solenoid plunger that are totally enclosed to protect 
them from dirt. 


The starting motor is equipped with a Sprag 
overrunning clutch drive (Figs. 2 and 3) An 
important feature of the Sprag type drive is that once 
the solenoid has moved the starter pinion in mesh with 
the ring gear on the flywheel. it will not disengage 
during intermittent. engine firing, which prevents 
damage to the pinion and the ring gear teeth. The 
pinion remains engaged until starting is assured and 
the solenoid circuit is interrupted. 


The solenoid switch. mounted on the starting motor 
housing. operates the overrunning clutch drive by 
means of linkage and a shift lever. When the starting 
switch is engaged. the solenoid is energized, shifting 
the starting motor pinion in mesh with the engine 
flywheel ring gear and closing the main contacts 
within the solenoid. Battery current is then directed to 
the motor causing the armature to turn. Cranking 
torque is transmitted by the Sprag clutch from the 
Starting motor armature to the engine flywheel ring 
gear. To protect the armature from excessive speed as 
the engine starts. the clutch “overruns”. or turns faster 
than the armature. which permits the pinion to 
disengage. 


The Sprag overrunning clutch drive type starting 
motor is used with an engine flywheel ring gear which 
has either no chamfer or a Bendix chamfer. It cannot 
be used with a ring gear which has a Dyer chamfer. 
When installing a service replacement starting motor. 
make sure the correct flywheel ring gear is also used. 


Under normal operating conditions. no maintenance 
will be required on the starung motor between engine 
overhaul periods. 


Adjustable Nose Housing 


The nose housing on the Sprag clutch type starting 
motor can be rotated to obtain a number of different 
solenoid positions with respect to the mounting flange. 
When repositioning of the solenoid is required on a 
service replacement starting motor. proceed as follows: 


STARTER 
CLUTCH 


WITH INTERMEDIATE DUTY 


The lever housing and the commutator end frame are 
held to the field frame bv bolts extending from the 
end frame to threaded holes in the lever housing. The 
nose housing is held to the lever housing by internal 
attaching. bolts extending from the lever housing to 





STARTING 


X FLYWHEEL 
HOUSING MOTOR 





Fig. 1 - Typical Starting Motor Mounting 


threaded holes in the nose housing (Fig. 2). With this 
arrangement. it is necessary to partially disassemble 
the motor to provide access to the nose housing 
attaching bolts. Relocate the nose housing as follows: 


Il. Remove the electrical connector and the screws 
attaching the solenoid assembly to the field frame: 
then. remove the bolts from the commutator end 
frame. 


2. Separate the field frame from the remaining 
assembly and pull the armature away from the lever 
housing until the pinion stop rests against the clutch 
pinion: this will provide access to the nose housing 
attaching bolts. 


3. Remove the nose housing attaching bolts with a box 
wrench or open end wrench. 


4. Turn the nose housing to the required position. 


NOTE: The solenoid must never be located 
below the centerline of the starter or dust. oil. 
moisture and foreign material can collect and 
cause solenoid failures. 


5. Reinstall the nose housing attaching bolts and 
tighten them to 11-15 Ib-ft torque. 


6. Reassemble the motor. 


STARTER WITH HEAVY-DUTY CLUTCH 


The nose housing. on starters equipped with the 
heavy-duty clutch. is attached to the lever housing bv 
six bolts located around the outside of the housing 
(Fig. 3). Relocate the nose housing as follows: 


l. Remove the six socket head screws (1 short and 5 
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Fig. 2 - Cross-sectional View of Motor with Sprag Intermediate Duty Clutch 


long) and six neoprene plugs.from the unused holes 1f 


a 12 hole starter mounting flange is used. 
2. Turn the nose housing to the required position. 


NOTE: The solenoid must never be located 
below the centerline of the starter or dust. oll. 
moisture and foreign material can collect and 
cause solenoid failures. 


3. Install the six socket head screws. with the short 
screw in the shallow hole nearest the solenoid. Install 
six neoprene plugs in the unused holes if a 12 hole 
starter mounting flange is used. 


4. Tighten the screws to 13-17 Ib-ft torque. 


High-Output Starting Motor 


A high-output 12-volt starting motor, with a Sprag 
overrunning clutch type drive. is provided for certain 
vehicle applications which require the equivalent of 
24-volts for starting the engine and 12-volts for 
lighting and operation of electrical accessories. The 
same total battery capacity recommended for use with 
a 24-volt starter (two 205 ampere-hour batteries) must 
be retained and connected in parallel for the high- 
output 12-volt starter. 


lubrication of Starting Motors 


The starting motor bearings (bushings) are lubricated 
by oil saturated wicks which project through each 
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Fig. 3 - Cross-sectional View of Motor with Sprag Heavy Duty Clutch 
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bronze bushing (one at each end and one at the 
center) and contact the armature shaft. Oil can be 
added to each wick by removing a pipe plug which is 
accessible on the outside of the motor. 


Remove Starting Motor 


1. Remove the ground strap or cable from the battery 
or the cable from the starting motor solenoid. Tape 
the end of the cable to prevent discharging the battery 
from a direct short. 


2. Disconnect all of the wires from the starting motor 
solenoid terminals. Tag the wires to insure correct 
reinstallation. 


3. Support the motor and remove the three bolts and 
lock washers which secure it to the flywheel housing. 


Then pull the motor forward to remove it from the 
flywheel housing. 


Check the starting motor, if required, in accordance 
with the Delco-Remy "Cranking Circuit" maintenance 
handbook. 


Install Starting Motor 


To install the starting motor. reverse the procedure 
outlined for removal. Tighten the 5/8" -11 mounting 
bolts to 137-147 lb-ft torque. 


Keep all of the electrical connections clean and tight. 


When installing wiring terminal leads to the starting 
motor and the solenoid switch, ughten the No. 10-32 
connections to 16-30 Ib-in torque and the 1/2" x 13 
connections to 20-25 lb-ft torque. 
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INSTRUMENT PANEL AND INSTRUMENTS 


The instruments (Fig. 1) generally required in the 
operation of a diesel engine consist of an oil pressure 
gage, water temperature gage, an ammeter and a 
mechanical tachometer. Instruments with slotted cases 
are available for use with lighted dashes. Also, closely 
related and usually installed in the general vicinity of 
these instruments are certain controls consisting of an 
engine stop knob, an emergency stop knob, and an 
engine starting switch. 


All Torqmatic converters are equipped with an oil 
pressure gage and. in some instances, with ап oil 
temperature gage. These instruments are mounted on 
a separate panel. 


Instruments, throttle control and engine starting and 
stopping controls are mounted in various locations 
depending upon the particular use of the unit. 


Marine propulsion units are provided with an 
instrument panel which usually includes an engine oil 
pressure gage, reverse gear oil pressure gage, water 
temperature gage. ammeter and a tachometer. The 
instrument panels are generally mounted some 
distance from the engine. Illuminated instrument 
panels are provided for marine applications which 
require night operations. 

All illuminated instrument panels are wired for a 12 
volt lighting circuit. Therefore. when marine propul- 
sion units incorporate either a 24 or 32 volt electrical 
system, a 12 volt tap-off from the battery may be 
made, or resistors (see table) may be installed in the 
circult to protect the instrument panel bulbs. 


Resistor Specifications 


AMMETER CLUSTER oll 
PRESSURE 
GAGE 


c7 STARTING WATER 
SWITCH | TEMPERATURE PANEL 


INSTRUMENT THROTTLE 
PANEL KNOB 


Fig. 1 - Typical Instrument Panel 





X*PANEL LIGHTS 
Y= RESISTORS 





Fig. 2 - Installation of Resistors in Illuminated 
Instrument Panel 


As indicated in Fig. 2, one resistor is used in the lead 
for each instrument panel bulb. 


Whenever performing service or preventive mainte- 
nance procedures on marine propulsion engine units 
which include a 24 or 32 volt electrical system, the 
lighting circuit of the instrument panels should be 
checked to determine if either a 12 volt tap-off from 
the battery or resistors have been installed in the 
lighting circuit to protect the instrument panel bulbs. 


Anti-Vibration Instrument Mountings 


Anti-Vibration mountings (Lord mounts) are used in 
many places to absorb engine vibration in the 
mounting of instruments, drop relays, tachometers, etc. 
When it may become necessary to service а part 
secured by Lord mounts, care should be exercised, 
during the removal and installation of the part, to 
avoid twisting the rubber diaphragm of the mounts. At 
the time the part is removed from the engine for 
service, the mounts should be inspected for damage 
and replaced, if necessary. 


The attaching screw, through the center of the mount, 
must be held from turning during final tightening of 
the nut. If this screw turns, it will pre-load the rubber 
diaphragm in torsion and considerably shorten the life 
of the mount. 


Oil Pressure Gage 


The oil pressure gage registers the pressure of the 
lubricating oil in the engine. As soon as the engine is 
started, the oil pressure gage should start to register. If 
the oil pressure gage does not register at least the 
minimum pressure listed in the Operating Conditions in 
Section 132, the engine should be stopped and the 
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Fig. 3 - Typical Engine Starting Motor Switch 


cause of the low oil pressure determined and corrected 
before the engine is started again. 


Water Temperature Gage 


The engine coolant temperature in the water manifold 
is registered on the water temperature gage. 


Incorrect water temperature readings will be registered 
if the gage assembly is incorrectly installed or the 
capillary tube is damaged. 


To prevent damage to the gage assembly from 
vibration, the capillary tube must be securely fastened 
to the engine the full length with suitable clips at 
intervals of 10 inches or less. Sharp bends in the tube 
must be avoided, particularly at the gage or bulb 
connection areas. Where the tube must be bent around 
any object. the bend must not be less than | inch 
radius. 


Any extra length can be taken up by coiling, the 
diameter of which should not be less than two inches. 
The coils must be located so that they may be securely 
fastened to prevent vibrating. 


Ammeter 


The ammeter is wired into the electrical circuit to show 
the current flow to and from the battery. After starting 
the engine. the ammeter should register a high charge 
rate at rated engine speed. This is the rate of charge 
received by the battery to replenish the current used to 
start the engine. As the engine continues to operate. 
the ammeter should show a decline in the charge rate 
to the battery. The ammeter will not show zero charge 
rate since the regulator voltage is set higher than the 
battery voltage. The small current registered prevents 
rapid brush wear in the battery-charging generator. If 
lights or other electrical equipment are connected into 
the circuit, then the ammeter will show discharge when 
these items are operating and the engine speed is 
reduced. 
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Tachometer 


The tachometer, driven by the engine, registers the 
speed of the engine in revolutions per minute (rpm). 


Tachometer Drive 


The tachometer drive shaft is pressed inro the end of 
the camshaft, balance shaft or governor drive shaft. 
On V-type engines. it is pressed into the end of either 
camshaft, the blower drive shaft or the accessory drive 
gear. 


Remove Tachometer Drive Shaft 


If threads (5/16" -24 or 3/8" -24) are provided on the 
outer end of the tachometer drive shaft to accommo- 
date a removing tool, thread remover J 5901-3 on the 
shaft; then, attach slide hammer J:5901-1 to the 
remover. A few sharp blows of the weight against the 
slide hammer rod will remove the tachometer drive 
shaft. 


If threads are not provided on the outer end of the 
tachometer drive shaft, or if the end of the shaft is 
broken off, drill and tap the shaft. Then thread a stud 
into the shaft and remove the shaft with the remover 
and slide hammer. 


CAUTION: Use adequate protective measures to 
prevent the metal particles from falling into the 
gear train and oil pan. 


When installing a tachometer drive cover assembly or 
a drive adaptor. it is important they be aligned 
properly with the tachometer drive shaft as noted in 
Section 7.0. 


Throttle Control 


The engine throttle is connected to the governor 
control shaft through linkage. Movement of the speed 
control shaft changes the speed setting of the governor 
and thus the engine speed. 


Engine Starting Switch 
To start the engine, a switch (Fig. 3) is used to 


energize the starüng motor. Release the switch 
immediately after the engine starts. 


Engine Stop Knob 


A stop knob is used to shut the engine down. When 
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stopping an engine. the engine speed should be 
reduced to idle. The engine should be allowed to 
operate at idle for a few minutes to permit the coolant 
to reduce the temperature of the engine's moving parts 
and then the stop knob pulled and held until the 
engine stops. Pulling on the stop knob manually places 
the injector racks in the no-fuel position. The stop 
knob should be returned to its original position after 
the engine stops. 


Emergency Stop Knob 


In an emergency, or if the engine continues to operate 


after pulling the stop knob. the emergency stop knob 
may be used to stop the engine. When the emergency 
stop knob is pulled, the air shut-off valve. located 
between the air intake and the blower, will trip and 
shut off the air supply to the engine. Shutting off the 
supply of air to the engine will prevent further 
combustion of the fuel and stop the engine. 


The emergency stop knob must be pushed back in 
after the engine is stopped, and the air shut-off valve 
must be re-set manually. The cause of the malfunction 
should be determined before the engine is started 
again. 
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ENGINE PROTECTIVE SYSTEMS 


MANUAL SHUT-DOWN 


A manually operated emergency engine shut-down 
device enables the engine operator to stop the engine 
in the event ап abnormal condition should arise. If the 
engine continues to run after the engine throttle is 
placed in the no-fuel position. or if combustible 
liquids or gases are accidentally introduced into the 
combustion chamber causing overspeeding of the 
engine, the shut-down device will prevent damage to 
the engine by cutting off the air supply and thus 
stopping the engine. The shut-down device consists of 
an air shut-off valve mounted in the air inlet housing 
and a suitable operating mechanism. 


Operation 


The manually operated shut-down device is operated 
by a knob located on the instrument panel and 
connected to the air shut-off valve shaft lever by a 
control wire. Pulling the knob all the way out will stop 
the engine. Push the knob all the way in and manually 
reset the air shut-off valve before starting the engine 
again. 

Service 


For disassembly and assembly of the shut-down 
device, refer to Section 3.3. 


AUTOMATIC MECHANICAL SHUT-DOWN 
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Fig. 1 - Mechanical Shut-Down System Schematically Illustrated 


The automatic mechanical shut-down system is 
designed to stop the engine if an abnormal condition 


such as high engine coolant temperature, low engine. 


oil pressure or engine over-speeding arises. The 
components of the shut-down system are schematically 
illustrated in Fig. 1. 


A coolant temperature-sensing valve adaptor and plug 


assembly is mounted on the exhaust manifold with the 
plug extending into the manifold. Coolant from the 
engine is directed through the adaptor assembly, in- 
which the bulb of the temperature-sensing valve 
assembly is located, to the suction side of the water 
pump. 


Oil under pressure from the engine is directed through 
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a restricted fitting to a "T" connection. One line from 
the “Т” is connected to the temperature-sensing valve 
assembly and the other line leads to the oil pressure 
bellows. A line attached to the discharge side of the 
temperature valve directs any oil that passes through 
the valve to the engine crankcase. Oil under pressure 
entering the oil pressure bellows, works through the 
bellows against a spring. overcomes the spring tension 
and permits the latch to retain the air shut-off valve 
assembly in the open position. Should the oil pressure 
drop below a predetermined value, the spring in the 
oll pressure bellows will release the latch permitting 
the air shut-off valve to close, stopping the engine. The 
oil pressure bellows can be adjusted to release the latch 
at pressures ranging from approximately 5 to 25 psi. 


The overspeed governor. used in some engine 
applications. consists of a small plunger and valve 
actuated by a set of spring-loaded weights. The 
plunger and valve are located in the oil line 
connecting the oil pressure bellows to the main oil 
gallery. An outlet in the valve is connected to the 
engine oil sump. Whenever engine speed exceeds the 
over-speed governor setting, the valve plunger 
(actuated by the governor weights) is lifted from its 
seat and permits oil in the line to flow to the engine 
sump. This results in a drop of oil pressure to the oil 
pressure bellows, thus actuating the shut-down 
mechanism and stopping the engine. 


Operation 


When starting the engine, it is necessary to first 
manually open the air shut-off valve and then press 
the engine starting switch, cranking the engine. As 
soon as the engine starts. the engine starting switch 
may be released. but the air shut-off valve must be 
retained in the open position until the engine oil 
pressure exceeds the setting of the pressure sensitive 
device and permits the latch to retain the air shut-off 
valve in the open position. 


During operation, if the oil pressure drops below the 
setting of the pressure sensitive bellows. the spring 
within the bellows will release the latch and permit the 
air shut-off valve to close. stopping the engine. 


If the engine coolant overheats during operation, the 
high temperature will cause the temperature-sensing 
valve to open and permit the oil to flow to the engine 
crankcase. The opening. of the temperature-sensing 
valve lowers the oil pressure on the discharge side of 
the restricted fitting. The spring in the pressure 
sensitive bellows will release the latch and permit the 
air shut-off valve to close, stopping the engine. 


Should the engine loose its coolant during operation, 
the copper plug extending into the exhaust manifold 
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will heat up and radiate heat to the temperature- 
sensing valve which will operate and shut the engine 
down. 


Whenever the engine speed exceeds the over-speed 
governor setting, the oil in the line flows to the sump, 
resulting in a decrease in oil pressure. The oil pressure 
bellows will then release the latch and permit the air 
shut-off valve to close. stopping the engine. 


After the engine has been stopped due to the action of 
a protective device, it cannot be restarted until the 
particular device which actuates the shut-down has 
returned to its normal position. The abnormal 
condition which stopped the engine must be corrected 
before attempting to start the engine again. 


Adjustment 


The only adjustments necessary in the automatic 
mechanical shut-down system are the low oil pressure 
setting of the bellows and the overspeed setting of the 
overspeed governor. Replace the temperature-sensing 
valve when operation is unsatisfactory. 


To adjust the low oil pressure setting of the bellows, 
run the engine until normal operating temperature 
(160°-186°F.) has been reached and the oil pressure 
has stabilized. Then reduce the engine speed slowly 
until the bellows disengages the latch on the air shut- 
off valve and stops the engine. Note the oil pressure at 
which the shut-down occurred. For units having a 
minimum idle speed of 1000 rpm, the recommended 
oil shut-down pressure 15 18 psi; for units having а 
minimum idle speed of 500 rpm it is 10 psi. If 
adjustment is necessary, loosen the lock nut on the 
bellows and turn the adjusung screw clockwise to 
increase the oil pressure setting or counterclockwise to 
decrease the setting. Hold the adjusting screw and 
tighten the lock nut when the proper setting has been 
obtained. 


Check the operation of the high coolant temperature- 
sensing valve by placing a cover over the radiator 
while the engine is operaung at 1800 rpm under load. 
Observe the coolant temperature on a thermometer 
inserted at the radiator filler hole. An engine shut- 
down should occur when the coolant is 200°F. to 210 ^F. 
If shut-down does not occur, replace the coolant 
temperature-sensing valve assembly. If shut-down 
эссигѕ below 200°F.. check the coolant flow through 
the plug and adaptor assembly. If circulation 15 
satisfactory and shut-down occurs below 200°F.. 
replace the coolant temperature-sensing valve assem- 
bly. The coolant temperature-sensing valve cannot be 
adjusted. 


NOTE: When removing the temperature-sensing 
valve or water temperature switch, examine the 
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plunger in the current type copper plug 
(Fig. 2). If the plunger is not free in the plug 
and adaptor, install a new plunger. spring, plug 
and adaptor. Deposits from the engine coolant 
building up between the plunger. spring and 
copper plug can cause the plunger to stick. On 
the former type copper plug. replace the former 
plug with the new plug, plunger. spring and 
adaptor when the water holes become plugged 
with calcium deposits. 


When required, the coolant temperature-sensing valve 
can be bench tested. This can be accomplished by 
attaching an air hose (40 psi) to the oil pressure hole 
and attaching a tube from the spill hole to a can of 
water. The bulb of the temperature-sensing valve and 
a thermometer should be emersed in a container of 
water that is heated and agitated. The valve opening 
will be indicated by the flow of air when the valve 
opens (195-206 F. 


Overspeed Shut-Down Adjustment 


і. Start the engine and bring it up to operating 
temperature. 


2. Increase the engine speed to the specified over-speed 
shut-down speed. At this speed the bellow should 
disengage the air shut-down latch and stop the engine. 


3. Adjust the overspeed governor setting. if necessary. 
by loosening the governor adjusting screw lock nut (on 
the overspeed governor cap). then turning the 
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Fig. 2 - Comparison of New and Old Copper 
Plug 


adjusting screw clockwise to increase the speed at 
which the air shut-down mechanism 15 tripped or 
counterclockwise to decrease the speed at which the 
latch will trip. Always tighten the lock nut after each 
adjustment. 


4. Stop the engine and replace the control shut-down 
housing cover. 


AUTOMATIC ELECTRICAL SHUT-DOWN 


The automatic electrical shut-down system (Fig. 3) 
protects the engine against a loss of coolant. 
overheating of the coolant. loss of oil pressure or 
overspeeding. In the event one of the foregoing 
conditions arises. a switch will close the electrical 
circuit and. energize the solenoid switch. causing the 
shut-down solenoid to release the air shut-down latch 
and stop the engine. 


Operation 


The electrical circuit is de-energized under normal 
operating conditions. When the engine 1s started. the 
oil pressure switch opens when the oil pressure reaches 
approximately 10 psi and the fuel oil pressure switch 
closes at approximatelv 20 psi fuel pressure. The water 
temperature switch remains open. 
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Fig. 3 - Automatic Electrical Shut-Down 
System Diagram 
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Fig. 4 - Automatic Electrical Shut-Down 
System Incorporating Hot Wire Relay 


If the oil pressure drops below 10 psi. the oil pressure 
switch will close the circuit and energize the shut-down 
solenoid. This will activate the shut-down mechanism 
and stop the engine. 


A loss of coolant or an increase in coolant temperature 
to approximately 203 Е. will close the contacts in the 
water temperature switch. thus closing the electrical 
circuit and activating the shut-down mechanism. 


The water temperature swtich consists of а tempera- 
ture-sensing valve and a micro-switch. The valve 
contacts a copper plug (heat probe) which extends into 
the exhaust manifold outlet. Engine water is directed 
over the power element of the valve and should the 
water temperature exceed approximately 203 F.. the 
valve will close the contacts in the micro-switch and 
energize the shut-down circuit. If a loss of water 
occurs. the heat of the exhaust gases will be 
transmitted through the copper plug to the tempera- 
ture-sensing valve and cause the shut-down circuit to 
be activated. 


If the engine speed exceeds the high speed setting of 
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the overspeed governor, the governor switch will close 
and activate the shut-down mechanism. 


When the engine is shut-down, the decrease in speed 
will open the governor switch and the decrease in oil 
and fuel pressures will close the oil pressure switch and 
open the fuel pressure switch. thus de-energizing the 
circuit. 


The cause of the abnormal conditions must then be 
determined and corrected before the engine is started 
again. Also. the air shut-off valve must be manually 
reset in the open position before the engine can be 
started. 


Some engines are equipped with an electrically 
operated automatic shut-down system which incorpo- 
rates a hot wire relay (Fig. 4). 


Since the fuel pressure builds up rapidly, the fuel oil 
pressure switch could close before the lubricating oil 
pressure switch opens. thereby effecting a shut-down of 
the engine. The hot wire relay. however, delays the 
closing of the fuel oil pressure switch for 3 to 10 
seconds to enable the lubricating oil pressure to build- 
up and open the oil pressure switch contacts. 


When the lubricating oil pressure falls below 10 + 2 
psi. the contacts in the oil pressure switch used in this 
system will close and current will flow to the hot wire 
relay. The few seconds required to heat the hot wire 
relay provides sufficient delay to avoid an engine shut- 
down when low oil pressure is caused by a temporary 
condition such аз an air bubble or a temporary 
overlap in the operation of the oil pressure switch and 
the fuel oil pressure switch when starting or stopping 
the engine. 


The high water temperature switch is installed in the 
side of the thermostat housing. The switch. contacts 
close when the water temperature reaches approxi- 
mately 205°F. 
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ALARM SYSTEM 


The alarm system is similar in many respects to the 
automatic shut-down system, but does not include the 
automatic shut-down feature incorporating the electri- 
cal solenoid or the flap valve in the air shut-down 
housing which is operated by the solenoid. A bell is 
substituted for the solenoid in the alarm system. The 
alarm may be substituted for the shut-down solenoid, 
or it may be added to the automatic shut-down system. 
In either case, the alarm notifies the operator of a 
dangerous condition in the engine. 


The voltage used through the alarm bell, however, 
must not exceed 12 volts. 


Note that the cranking motor performs no essential 
function in the circuit. 


An oil pressure switch. introduced into the engine oil 
gallery, is closed when the engine is not running, but 
opens after starting and remains open while the 
engine is running. This switch will close only in case of 
lowered oil pressure. thus causing the alarm to operate. 
or it will close if the engine is stopped by the operator. 
A water temperature switch, mounted in the water 
manifold, always remains open except in case of high 
water temperature when it closes and operates the 
alarm, 


An automatic fuel oil switch closes after the engine 15 
started and normal fuel oil pressure has been attained. 


An optional overspeed switch is sometimes introduced 
into the system. 


The water temperature switch and the oil pressure 
switch are similar to the same switches used in the 
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Fig. 1 - Alarm System Wiring Diagram 


automatic shut-down device. 


Service of the alarm system is usually limited to 
replacement of the alarm bell. 
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OVERSPEED GOVERNORS 


ELECTRIC (Two Switch) 


The series GY-2 Snychro-Start overspeed governor 
(Fig. 1) contains two separate snap action switches 
with single-pole double-throw contacts which operate 
at two different speeds. The governor is adjusted by 
Ше manufacturer to trip at the speeds required as 
indicated. on the name plate. Unless otherwise 
specified. the name plate indicates trip points on 
increasing speed. The contacts will return to normal 
when the speed is decreased approximately 100 rpm 
below the trip speed. except on the high speed switch 








of those models having a manual reset button. The 
letter “М” after any model number indicates the high 
speed switch must be reset manually. 


Service 


1. The snap action switches may be replaced as 
follows: 
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a. Mark the position of the dust cover and remove 
both hold-down screws. 


. Observe the position of the switches. Usually they 
are positioned with 1/64" clearance between the 
switch button and the lifters. If the lifters are 
replaced, make certain that the long lifter is 
placed beneath the low speed switch and the short 
lifter 1s placed beneath the high speed switch. 


>. Install the new switches by reversing the above 
procedure. 


CAUTION: When replacing the dust cover on a 
governor with a manual reset, make certain the 
switch wiring does not interfere with the reset 
mechanism. 


. Adjust the outlined under 


Adjustment. 


speed as Speed 


2. Remove the governor cap as follows: 


а. Observe the marking on the cap and the body and 
remove the three holding screws. 


. Remove the cap assembly, being careful not to 
damage the seal ring. 


с. Replace any internal parts as required and 
reassemble and return the cap to the original 
position. A light coat of grease will facilitate 
assembly of the seal ring to the body. 


NOTE: The position of the cap is very criucal on 
governors in which the difference in trip points 
between the two switches is more than 1000 
rpm and the trip point of the high speed switch 
is above 2100 rpm. These governors use 
elongated loop flyweight springs. If, after 
assembly, the No. | switch trips at a far higher 
point than normal, lower the cap position 
slightly. If the No. 2 switch trips at a very low 
speed. raise the cap position slightly. If 
difficulty arises. refer to Step 5 below. 


d. Adjust. the outlined under 


Adjustment. 


speed as Speed 


3. Replace the speed adjusting springs as follows: 


a. Hold the speed adjusting stud with a 5/16" open 
end wrench and loosen the adjusting stud nut with 
a 3/8" open end wrench. 
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After the above nut is removed, the adjusting 
spring and related parts may be removed and 
replaced as necessary. Exercise care to prevent 
particles of dirt from accumulating on the parts. 


4. Replace the flexible drive shaft as follows: 


a. 


Insert a sharp pointed instrument in the loop of 
the spring clip and pull it from the shaft as far as 
possible and remove the shaft assembly. 


. Upon reassembly, first install the spring clip in the 


groove of the fitting on the end of the governor 
shaft. 


. Push the shaft assembly into the square end of the 


governor shaft and the spring clip will snap in 
place. 


'., NOTE: Check the position of the spring clip. If 


the clip has sprung out of position, use a small 
screw driver to push it into place. 


5. Adjust the governor cap (with the dust cover in 
place): 


a. 


e. 


Turn the low speed adjusting screw out for 
minimum speed adjustment. In this position, the 
top of the adjusting screw is approximately 1/8" 
from the top of the dust cover. 


. Turn the high speed adjusting screw in for almost 


maximum speed adjustment. In this position, the 
top of the adjusting screw is approximately 5/16" 
from the top of the dust cover. 


. With partial tension on the cap holding screws, 


turn the governor cap to the maximum extended 
position. 


. Operate the governor at 200 rpm above the trip 


point of the low speed switch. 


Rotate the cap slowly in a clockwise direction until 
the low speed switch trips, mark the cap position 
and stop the engine. Then turn the cap another 
1/16" and lock the holding screws securely. 


. Complete the operation as outlined under Speed 


Adjustment. Generally, the trip point of the low 
speed switch will have to be increased and the 
high speed switch decreased. 
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Maintenance 

Grease the governor shaft ball bearings every 10,000 
hours (every 5,000 hours if the governor speed is 
above 2500 rpm) as follows: 

1. Remove the governor cap. 


2. Remove the flexible drive shaft. 


3. Remove the retaining ring from the groove in the 
housing. Then remove the weight and shaft assembly. 


4. Inspect the oil seal and, if necessary, replace it as 


follows: 


a. Place the governor body in an arbor press, with 
the mounting flange toward the bottom, and use a 
9/16" diameter rod to press the oil seal out. 


b. Press a new seal in place 3/64" from the bottom 
of the bearing cavity. 


5. Fill the grease reservoir between the bearings only 


3/4 full with Texaco “Unitemp” grease, or equivalent. 


6. Reassemble the governor by reversing the procedure 
for disassembly and adjust the trip speeds as outlined 
below: 


Speed Adjustment 


Both switches may be individually adjusted. The dust 
cover screw marked “1” covers the low speed adjuster; 
the screw marked “2” covers the high speed adjuster. 
Proceed as follows: 


1. Remove the appropriate dust cover screw. Then 
insert a 1/16" Allen wrench into the adjusting screw. 


2. Turn the screw clockwise to increase the trip speed 
or counterclockwise to decrease the speed. 


CAUTION: If the adjusting screws are turned in 
too far, the switch will no longer operate. Do 
not attempt to use the slots in the cap for 
normal speed adjustments. This position is set 
and marked by the manufacturer for operation 
in the speed range required. 


ELECTRIC (Single Switch) 


Series GWA, GYA and GAA Synchro-Start overspeed 
governors (Fig. 1) are calibrated by the manufacturer 
to open or close the switch contacts at the particular 
speed required. The switch contacts will reset 
automatically when the speed is reduced approxi- 
mately 100 rpm below the trip speed. 


Service 


Grease the governor shaft ball bearings every 10,000 
hours (every 5000 hours if the governor speed is above 
2500 rpm) as follows: 


1. Remove the adjusting screw and the adjusting stud, 
then remove the governor cap. 


2. Insert a sharp pointed instrument in the loop of the 
spring clip and pull the clip from the flexible shaft as 
far as possible. Then remove the shaft assembly. 


3. Remove the retaining ring from the groove in the 
housing. 


4. Remove the weight and shaft assembly. 


5. Inspect the oil seal and. if necessary, replace the seal 
as follows: 


a. Place the governor body in an arbor press with the 
mounting flange facing down and use a 9/16" 
diameter rod to press the oil seal out of the body. 


b. Press the new oil seal in place, 3/64" from the 
bottom of the bearing cavity. 


6. Fill the grease reservoir between the bearings only 
3/4 full with Texaco “Unitemp” grease, or equivalent. 


7. Reassemble the governor by reversing the procedure 
for disassembly and adjust the trip speed as outlined 
below. 


Speed Adjustment 


Loosen the cap adjusting lock screw and turn the cap 
until the desired trip speed is reached. Clockwise 
rotauon of the cap lowers the trip speed and 
counterclockwise rotation increases the trip speed. The 
total range of adjustment of the particular governor is 
indicated on the governor name plate. The governor 
should not be adjusted to trip below 100 rpm above 
the normal running speed of the governor. Make sure 
the governor cap locking screw is tightened after the 
adjustment has been completed. 
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CAUTION: Under no circumstances should the 
governor switch be by-passed to prevent engine 
shut-down in the event of overspeed, otherwise 
serious damage to not only the engine. but also 
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to the governor may be incurred since the 
governor is not designed to operate above its 
tripping speed. 


HYDRAULIC 


The hydraulic overspeed governor which contains a set 
of spring-loaded weights prevents excessive engine 
speeds. 


Figure 2 illustrates the old and new hydraulic 
overspeed governors. The new governor differs from 
the old governor in the use of a new housing, cover 
and speed adjusting screw. The new housing is shorter 
and the new cover is longer than the old cover. The 
new adjusting screw differs from the former screw in 
the width of the seal ring groove which is wider on the 
new screw. 


The overspeed governor is mounted in an adaptor 
which is mounted on the rear of the flywheel housing. 
A seal ring in the adpator end of the governor housing 
prevents oil seepage from the flywheel housing. The 
governor is driven by a flexible drive assembly from 
the blower drive shaft. Oil under pressure is supplied 
to the governor by a tube which is connected to the oil 
gallery in the cylinder block. 


Operation 


When the engine speed reaches the value for which 
the overspeed governor is set, the centrifugal force of 
the weights in the overspeed governor overcomes the 
spring tension and opens a pilot valve in the governor. 
The pilot valve dumps oil from the oil tube, lowering 
the pressure at the engine oil pressure switch, thus 
closing the switch and energizing the shut-down 
solenoid and closing the shut-down valve. 


Lubrication 


The overspeed governor is lubricated by oil from the 
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Fig. 2 - Hydraulic Overspeed Governor 


engine crankcase. 


Adjustment 


The engine shut-down speed is determined by the 
position of the adjusting screw in the overspeed 
governor cover. To change the setting, loosen the lock 
nut and turn the adjusting screw in to increase the 
speed or out to decrease the speed. When the proper 
setting is obtained, tighten the adjusting screw lock 
nut. 
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POWER GENERATOR AND CONTROLS 


Detailed information on the maintenance and repair 
of power generators, control cabinets and component 
assemblies such as voltage regulators can be found in 
the service manuals and bulletins issued by the 
equipment manufacturers. 


In many instances, repairs and overhaul work on 
electrical equipment may be referred to an authorized 
repair station of the manufacturer of the equipment. 


Replacement parts for electrical equipment should be 
ordered through the equipment manufacturers outlets 
since these parts are not normally stocked by Detroit 
Diesel Allison. 


For service information regarding Delco Products 
equipment, direct all requests to the Service Depart- 
ment, Delco Products Division, General Motors 
Corporation, Dayton, Ohio 45401. 


Remove Power Generator From Engine 


If required, remove the power generator (Fig. 1) from 
the engine as follows: 


1. If the generator bearing is lubricated by oil, remove 
the drain plug from the end frame or the bottom of 
the sight gage and drain the oil. 


STARTING 
SWITCH 


SHUT-DOWN 


CONTROL pR, 
„ымы PED — 3 


2. Remove the terminal box cover plate and remove all 
of the external power leads. 


CAUTION: Tag each power lead before discon- 
necting to ensure correct connections when the 
generator is reinstalled. 


3. If the unit is equipped with a control cabinet, 
disconnect all of the generator-to-control cabinet 
power leads at the cabinet. Also, disconnect all engine 
instruments, throttle control linkage, electrical wiring 
harness or engine shutdown mechanism at the control 
cabinet. 


CAUTION: Tag all electrical leads before 
disconnecting to ensure correct connections 
when the unit is reassembled. 


4. Remove the control cabinet from the engine base. 


5. Loosen the front engine-to-base mounting bolts. 
Also, loosen the upper hose clamps at the radiator to 
prevent hose distortion when the flywheel end of the 
engine is raised. 


6. Remove the generator foot-to-engine base mounting 
bolts and spacers (if used). 
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Fig. 1 - Location of Controls on Power Generator Unit 
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7. Attach a chain hoist to the generator eyebolt or 
lifting ears and raise the generator just enough to 
allow it to clear the engine base. 


8. Place a suitable support under the flywheel housing 
to support the rear end of the engine before the 
generator 15 detached. 


9. Remove the generator fan cover retaining bolts and 
remove the covers. 


10. Remove the generator driving disc-to-engine 
flywheel mounting bolts. 


11. With the chain hoist drawn taut, remove the 
generator frame flange-to-engine flywheel housing 
mounting bolts. 


12. Apply pry bars at opposite sides of the generator 
to loosen it from the engine flywheel housing. 


NOTE: The tenon on the generator frame flange 
pilots inside of the engine flywheel housing; 
therefore, the generator must be withdrawn 
straight back from the engine. 


Install Power Generator on Engine 


Before installing the generator, the front engine-to- 
base mounting bolts must be loose and the flywheel 
end of the engine must be raised and suitably 
supported. 


1. Use a chain hoist to swing the generator in place 
square against the engine flywheel housing so the pilot 
of the generator frame enters the flywheel housing. 


NOTE: The generator driving disc pilots inside 
of the engine flywheel with a close tolerance. 
The driving disc must set flat against the 
flywheel face when in place, otherwise the 
generator will be subjected to excessive 
vibration when placed in service. 


2. Align the bolt holes in the generator driving disc 
with the mating holes in the engine flywheel. Then 
install the disc retaining bolts and tighten them. 


3. Install the generator frame-to-engine flywheel 
housing bolts and tighten them. 


4. Install the generator fan covers. 


5. Install the generator foot-to-engine base mounting 
bolts and spacers (if used). Tighten the bolts. 


6. Tighten the front engine-to-base mounting bolts. 


7. Position the upper radiator hose and tighten the 
clamps. 


8. Install the control cabinet. 
9. Reconnect all power leads. 
10. Install the generator terminal box cover plate. 


11. Install the oil drain plug and fill the generator 
bearing oi] reservoir, with the same grade of oil as 
specified for the engine, to the line on the sight gage. 
Do not overfill. 


12. Reinstall and connect all other equipment which 
was removed during disassembly. 


Balance Engine 


If proper care is taken in attaching the generator to 
the engine, the unit should operate smoothly. However, 
if the unit runs rough (excessive vibration), it must be 
balanced as follows: 


1. Loosen the generator driving disc-to-engine flywheel 
bolts approximately four turns. 


2. Start the engine and run it at a speed not exceeding 
600 rpm for approximately one minute. At this speed, 
the generator armature will tend to center itself with 
respect to the center line of the engine crankshaft. 


3. Stop the engine and tighten the generator driving 
disc retaining bolts uniformly. 


4. Normally, the above procedure will bring the unit 
into balance for smooth operation. However, if 


excessive vibration still exists, it may be corrected as 
follows: 


a. Remove the generator driving disc retaining bolts 
and rotate the engine flywheel 180°. 
b. Install the driving disc bolts finger tight. 


c. Repeat Steps 2 and 3 above. 
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SHOP NOTES - TROUBLE SHOOTING - 
SPECIFICATIONS - SERVICE TOOLS 


SHOP NOTES 
SERVICING ANTI-VIBRATION INSTRUMENT MOUNTINGS 


Anti-vibration mountings (LORD mounts) are used in 
many places to absorb engine vibration in the 
mounting of instruments, drop relays, tachometers, etc. 
When it becomes necessary to service a part secured 
by Lord Mounts, care should be exercised during 
removal and installation of the part to avoid twisting 
the rubber diaphragm of the mounts. At the time the 
part is removed from the engine for service, the 


CHECK ENGINE 


If difficulty in starting motor engagement has been 
experienced in a vehicle which has been repowered by 
a diesel engine, check to see if the key-type starting 
switch on the instrument panel has been retained. 


Key-type starting switches are usually not capable of 
carrying the current required for heavy-duty diesel 
engine starter solenoids. The excessive voltage drop in 
the solenoid circuit restricts the solenoid pull and 
results in failure of the starter to engage and crank. 
When tooth abutment occurs and the switch is turned 
off and on several times, breaking of the solenoid 
current causes burning or welding of the switch 


mounts should be inspected for tears and replaced, if 
necessary. 


The attaching screw through the center of the mount 
must be held from turning during final tightening of 
the nut. If this screw turns, it will pre-load the rubber 
diaphragm in torsion and considerably shorten the life 
of the mount. 


STARTING SWITCH 


contacts. 


Install a push button type starting switch which is 
capable of making, breaking and carrying the solenoid 
current without damage (refer to Engine Starting 
Motor Switch in Section 7.4). Otherwise, a heavy-duty 
magnetic switch should be used in the solenoid contro! 
circuit in addition to the key-type switch. The 
magnetic switch must be capable of making and 
breaking at least 90 amperes in a 12-volt system; the 
key switch would then carry no more than one ampere, 
which is sufficient to operate the magnetic switch. 


ALIGNMENT TOOLS FOR TACHOMETER DRIVE COVERS AND ADAPTORS 


Whenever a tachometer drive cover assembly or а 
tachometer drive adaptor is installed on an engine. it 
is important that the cover assembly or adaptor be 
aligned properly with the tachometer drive shaft. 


Misalignment of a tachometer drive shaft can impose 
a side load on a tachometer drive cable adaptor 
resulting in possible gear seizure and damage to other 
related components. 


To establish proper alignment, use one of the three 
tools in set J 23068. Because of the many different 
combinations of tachometer drive shafts. covers and 
adaptors, it is not practical to itemize specific usages 
for each tool. When confronted with an alignment job, 
test fit each tool to determine which provides the best 
fit and proceed to make the alignment with that tool as 
shown in Fig. 1. 


Correct alignment is established when there is no 
tachometer drive shaft bind on the inside diameter of 
the tool when one complete hand rotation of the 
engine is made. 





iani, 


Fig. 1 - Checking Tachometer Drive Shaft 
Alignment 
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TROUBLE SHOOTING 


CHECKING ENGINE ELECTRICAL GENERATING SYSTEM 


In analyzing generator-regulator operation, check for 
one of the five following conditions. 


1. A fully charged battery and low charging rate -- this 
indicates normal generator-regulator operation. 


2. Low battery and high charging rate--indicates normal 
generator-regulator operation. 


3. A fully charged battery and a high charging rate--this 
indicates the voltage regulator is not reducing the 
generator output as it should and will damage the 
battery--and may be caused by improper voltage 
regulator setting, defective regulator unit, short circuit 
or poor connections in the generator or regulator 
wiring or high battery temperature. 


4. Low battery and low or no charging rate--indicates 
improper or no regulator operation--and may be due 
to loose connectons, damaged wires, low voltage or 
current regulator setting, oxidized contact points or a 
defective generator. 


5. Excessive arcing at contact points--may be due to 
oxidized or misaligned contact points, defective 
regulator winding, poor cable connections or other 
causes. 


If one of the latter three conditions exists, refer to the 
“Delco-Remy” electrical equipment operation and 
maintenance handbooks DR 324, DR 324A and DR 
324S for correction of the problems. These manuals 
may be obtained from United Motors Service. 


SPECIFICATIONS 


STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


THREAD TORQUE 
SIZE (Ib-ft) 
ШАО seo tti e de de He nea 7-9 
Д: 282 RE 8-10 
ТӨӨ еа et one eene 13-17 
D4T6:24- ois а D s 15-19 
3/8, «16. oed дады E 30-35 
S/O GON uu aer ed t аа. 35-39 
VU ecl. ымы ааннара ter tobe 46-50 
ЛОБОК 57-61 
1/2 З а ла нна а аьа Pere cta 71-75 
2205 н Иа eh Hes 83-93 


EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


APPLICATION 


Tachometer drive cover boit 
Tachometer drive cover bolt 
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THREAD TORQUE 
SIZE (Ib-ft) 
9/16-12^ tate е ake’ 90-100 
9/16-18 ИССИ К 107-117 
5/8 -ll у... 137-147 
BSN? молло галдым ыыы Ова 168-178 
37/4 ТОЎ ИРЕ НОНИ 240-250 
EVE ES N ИОНИ Н 290-300 
yy M REN ea a O T 410-420 
(CT OECD N, 475-485 

PC ТОН CR ЕН 580-590 
[ур er C е сны а Ж ыгы 685-695 
THREAD TORQUE 

SIZE (Ib-ft) 

на 7/16 -14 30-35 
КУКИ 1/2 -13 30-35 
MODEL 1/2 20 55-65 
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SERVICE TOOLS 





TOOL NAME TOOL NO. 
Рег себ ЕЛЕШЕ ОЕ УУК ЛУ О КЕЛЕ ЛЛ ТУ ciem ede eds J 5901 
Stideshamtmer- ылын сын Алы ы кекире cepto te наан UNIES J 5901-1 
Tachometer drive shaft remover |... ees J 5901.3 
Tachometer drive alignment tool set |... J 23068 
TOOLING: SL ACS TON Уу E J 23068-1 
Тоо: N69: 203137 ye essere ы seb St shows ча ы TE lean aes И . J 23068-2 
T00L:Nó:-3-(:375 ЖОШО tete eto et vier e reet sept J 23068-3 
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SECTION 8 
POWER TAKE-OFF - TORGMATIC CONVERTER 


CONTENTS 
Power Take-Off - Direct Drive (Front and Rear Mounted) ........................ 8.1 
Front Power Take-Off Adaptor and Drive Месһапїзт.............................. 8.1.4 
Torqmatic Converter. isole is oe repr КЕ КККК КЫА КЕКЕК nos 688 REE ЮКЕ НЫК КК ШЕЕ Ы 
Shop Notes - Trouble Shooting - Specifications - Service Тооіѕ.................. 8.0 


*Note: For service and overhaul procedures covering Torqmatic 
Converters, refer to Allison 200-300 Series Torqmatic Converter 
Service Manual - Form SA 1099. 
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The front and the rear power take-off units are 


POWER TAKE-OFF 


DIRECT DRIVE (Front And 
Rear Mounted) 


basically similar in design, varying in clutch size to 
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. Adaptor--Power Take-Off 
. Bolt--Clutch Driving 


Ring 


. Ring--Clutch Driving 
. Lever--Clutch Release 
. Spring--Clutch Release 


Lever 


. Bolt--Clutch Housing 

. Lever--Clutch Hand 

. Pin--Release Lever Link 
. Cover--Inspection Hole 
. Screw--Cover 

. Link--Release Lever 

. Bolt--Release Collar 

. Collar--Clutch Release 


Fig. 1 


14. 


15: 
16. 
17. 
18. 
19. 


20. 


21. 
22. 
23. 
24. 
25. 


Lock Plate--Bearing 
Retainer 

Bolt--Lock Plate 
Shaft--Clutch Drive 
Key--Drive Shaft 
Fitting--Grease 
Bearing Assy.--Roller 
(Outer) 

Bearing Assy.--Roller 
(Inner) 
Retainer--Bearing 
Shaft--Clutch Release 
Yoke--Clutch Release 
Bolt--Yoke Clamping 
Housing--Clutch 


26. 
27. 


28. 
29. 


30. 
31. 
32. 


33. 
34. 


35. 
36. 


Sleeve--Clutch Release 
Plate--Adjusting Ring 
Wear 

Ring--Clutch Adjusting 
Lock--Clutch Adjusting 
Ring Spring 

Lock Washer 

Screw 

Plate--Clutch Pressure 
(Inner) 

Clutch Facing 
Plate--Clutch Pressure 
(Outer) 

Key--Drive Shaft 
Bolt--Adaptor 


37. 


38. 
39. 


40. 
41. 
42. 


43. 
44. 
45. 
46. 
47. 


48. 


- Front End Power Take-Off and Drive Assembly (8 Inch Diameter 


Cover (Lower)-- Engine 
Front 

Lock Washer 
Nut--Drive Shaft 

Cone (Front) 

Cone (Rear) 

Oil Seal--Crankshaft 
(Front) 

Bolt 

Washer 
Bearing--Clutch 
Adaptor--Clutch Drive 
Spring--Pressure Plate 
Separator 

Pin--Clutch Release Lever 


Clutch) 
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Fig. 2 - Rear Power Take-Off Ássembly 
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The direct drive power take-off unit is attached to 
either an adaptor (front power take-off) or the 
flywheel housing (rear power take-off) The clutch 
mechanism in the current 8" diameter clutch front 
power take-off consists of a one-piece dry disc clutch 
facing (33), Fig. 1. Formerly a three-piece clutch 
facing was used. The rear mounted power take-offs 
have either a 10" diameter single or a 11-1/2" 
diameter double-plate clutch. The clutch mechanism in 
the 10" diameter clutch consists of a three-piece dry 
disc clutch facing (Fig. 2). The clutch mechanism in 
the 11-1/2". diameter clutch consists of two one-piece 
dry disc clutch facings; formerly it consisted of two 
three-piece facings. 


The forward end of the drive shaft is supported by a 
single-row ball bearing in the flywheel (Fig. 2) or the 
clutch drive adaptor (46), Fig. 1. The outer end of the 
drive shaft is supported by two tapered roller bearings 
in the clutch housing. 


The tapered roller bearings absorb the greatest portion 
of the thrust and radial load on the drive shaft. An 
adjustable bearing retainer provides a means of 
adjusting the tapered roller bearings. 


A driving ring, attached to the flywheel or the clutch 
drive adaptor, drives the power take-off. 


Operation 


When the hand lever (7) is moved toward the engine, 
the yoke (23) moves the release sleeve (26) toward the 
clutch. This movement forces the outer ends of the 
links (11) away from the axis of rotation causing the 
levers (4) to contact the face of the adjusting ring (28), 
which locks the clutch facings (33) between the outer 
and inner pressure plates (34) and (32). Thus. the 
power of the engine is transmitted to the drive shaft 
(16). 


When the hand lever (7) is moved away from the 
engine, the yoke (23) moves the clutch release sleeve 
(26) away from the clutch, and the springs (47) and (5) 
return the pressure plate (32) to its released position. 
Thus. pressure between the pressure plates and clutch 
facings is relieved, permitting the pressure plates and 
the clutch drive shaft to cease rotating. Since the clutch 
facings have external teeth and mesh with the teeth in 
the inner diameter of the driving ring (3) which is 
bolted to the flywheel or the clutch drive adaptor, the 
clutch facings continue to rotate while the engine is 
running. 


Lubrication 


The clutch release shaft, clutch release sleeve collar 
and all bearings are lubricated with grease. Refer to 
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ADJUSTING 
RING 


-——— —— 9 


Fig. 3 - Adjusting 8, 10 or 11-1/2 Inch 
Diameter Power Take-Off Clutch 


Lubrication and Preventive Maintenance in 


Section 15.1. 


Clutch Adjustment 


These instructions refer to field adjustment for clutch 
facing wear. Frequency of adjustment depends upon 
the amount and nature of the load. To ensure longest 
facing life and best clutch performance, the clutch 
should be adjusted before slippage occurs. 


When the clutch is properly adjusted, а heavy pressure 
is required at the outer end of the hand lever to move 
the throwout linkage to the "over center" or locked 
position. 


Adjust 8". 10" and 11-1/2" diameter clutches as 
follows: 


1. Disengage the clutch with the hand lever. 


2. Remove the inspection hole cover to expose the 
clutch adjusting ring. 


3. Rotate the clutch. if necessary, to bring the clutch 
adjusting ring lock within reach. 


4. Remove the clutch adjusting ring spring lock screw 
and lock from the inner clutch pressure plate and 
adjusting ring. Then, while holding the clutch drive 
shaft from turning, turn the clutch adjusting ring 
counterclockwise as shown in Fig. 3 and tighten the 
clutch until the desired pressure on the outer end of 
the hand lever. or at the clutch release shaft (Fig. 4) is 
obtained. 


5. When the clutch is properly adjusted, the 
approximate pressure required at the outer end of the 
hand lever to engage the various diameter clutches 15 
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ADAPTOR 


Fig. 4 - Checking Power Take-Off Clutch 
Adjustment with a Torque Wrench and an 
Adaptor 


shown in the following table. These specifications 
apply only to the hand lever which is furnished with 
the power take-off. A suitable spring scale may be used 
to check the pounds pressure required to engage the 
clutch, 








: Hand Lever Pressure 
Clutch Dia. Lenoth | ibe. 
8" 15-1/2'' 55 
10" 15-1/2'' 80 
1-1/2" 20'' 65 





However. the most accurate method of checking the 
clutch adjustment is shown in Fig. 4. To fabricate an 
adaptor. saw the serrated end off of a clutch hand 
lever and weld a 1-1/8" nut (across the hex) on it as 
shown in Fig. 4. Then saw a slot through the nut. 


When checking the clutch adjustment with a torque 
wrench. engage the clutch slowly, noting the torque 
just before the clutch engages (goes over center). The 
specified torque is shown in the following table. 





Clutch Diameter Torque Lb-Ft 





8" 56-63 
10'' 88-94 
11-1/2'' 94-100 





6. Install the clutch adjusung ring spring lock. Be sure 
that Ше ends of the spring lock register with the 
notches in the adjusung ring. 
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7. Install the inspection hole cover. 


Replace Clutch Facings 


Replace the clutch facings when they become worn to 
the extent that the clutch adjustment. to prevent 
slippage. cannot be made with the adjusting ring. 
When the power take-off assembly is removed from 
the engine or is being reconditioned. check the clutch 
facings for wear, burning or scoring. If the clutch 
facings are burned. scored or worn to or near the 
minimum facing thickness shown in the following 
table, they must be replaced. 








Facing Max. Min. 
em Thickness Allow. Thickness 
HER New Wear of Facing 
8" 3/8" 1/8" 1/4'' 
10” 7/16" 1/8” 5/16" 
11-172" 7/16" VE 5/16'' 





The clutch facings on the current 8" diameter single- 
plate clutch. and the 11-1/2" diameter double-plate 
clutch consists of one piece. When replacing the one- 
piece clutch facing, the clutch must be removed from 
the clutch drive shaft and the clutch disassembled. The 
former 8" diameter single-plate and the 11-1/2" 
diameter double-plate clutches consisted of three 
pieces and did not require clutch removal and 
disassembly. The 10" diameter single-plate clutch 
facing still consists of three pieces. 


The current 8" and {1-1/2" diameter one-piece 
replacement clutch facings are marked at three places 
on the side of the facing so they may be cut into three 
: = п A ^ se 

pieces with a 1/8 thick saw to facilitate replacement 
of the facing (rear mounted power take-offs only) 
without removing and disassembling the clutch. each 
time a replacement is made. 


NOTE: The current one-piece clutch. facing 
should be used on the front mounted power 
take-off. 


Replace the clutch facings in the current 8” diameter 
single-plate and the 11-1/2" diameter double-plate 
clutches as follows: 


1. Remove the power take-off assembly from the 
engine as outlined under Remove Power Take-Off. 


2. Remove the clutch assembly from the clutch drive 
shaft as outlined under Disassemble Power Take-Off. 


3. Disassemble the clutch as outlined under Disassem- 
ble Power Take-Off. 
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4. Assemble the clutch as outlined under Assemble 
Power Take-Off. 


5. Install the clutch assembly on the clutch drive shaft 
as outlined under Assemble Power Take-Off. 


6. Attach the power take-off assembly to the engine as 
outlined under Attach Power Take-Off to Engine. 


7. Adjust the power take-off clutch as outlined under 
Clutch Adjustment. 


8. Install the inspection hole cover. 


Replace the three-piece clutch facings in the former 
8" diameter single-plate. 11-1/2" diameter double- 
plate and the 10" diameter single-plate clutches as 
follows: 


1. Remove the power take-off from the engine as 
outlined under Remove Power Take-Off. 


2. Disengage the clutch with the hand lever and the 
clutch facings will automatically fall out from between 
the pressure plates. 


3. Remove the inspection hole cover to expose the 
clutch adjusting ring and linkage. 


4. Rotate the clutch. if necessary. to bring the clutch 
adjusting ring lock within reach. 


5. Remove the clutch adjusting ring spring lock screw 
and lock from the inner clutch pressure plate and 
adjusting ring. On the former clutches, the clutch 
adjusting ring spring lock did not require removal. 


6. While holding the clutch drive shaft to prevent the 
clutch from turning, back off the adjusting ring by 
turning it clockwise just enough to permit the new 
clutch. facings to be inserted and locked in position 
between the pressure plates. 


7. Support the power take-off in a vertical position 
with the clutch assembly up on wood blocks: or, screw 
two eyebolts in the tapped holes in the flange or the 
clutch housing and use a rope sling and chain hoist to 
support the power take-off. 


8. Insert the new clutch facings between the pressure 
plates and center them. 


9. Remove the clutch driving ring from the flywheel or 
the clutch drive adaptor at the front of the engine. 


10. Support the clutch driving ring by placing two 
strips of wood across the top face of the clutch 
housing, next to the clutch facing. that are just thick 
enough to permit the driving ring to center over the 
clutch facings. 





Fig. 5 - Power Take-Off Mounting (Rear) 


11. Place the clutch driving ring over the clutch facing. 
with the teeth in the driving ring in mesh with the 
teeth of the clutch facings. and locate the driving ring 
centrally relative to the pressure plates. 


NOTE: If the driving ring is not properly 
located. the clutch cannot be assembled to the 
flywheel or the clutch drive adaptor because the 
teeth of the clutch facings will not enter the 
teeth of the driving ring even though the clutch 
drive shaft enters the pilot bearing. 


12. Engage the clutch with the hand lever and lock the 
clutch facings between the pressure plates. If the clutch 
facings are sull free to move. disengage the clutch and 
turn the adjusting ring counterclockwise just enough to 
lock the clutch facings in place when the clutch is 
engaged. Do not disengage the clutch until the power 
take-off assembly is attached to the engine. 


13. Remove the clutch driving ring from the clutch 
facing and attach it to the flywheel or the clutch drive 
adaptor at the front of the engine with bolts and lock 
washers. Tighten the 3/8"-16 bolts to 30-35 lb-ft 
torque. 


14. Attach the power take-off assembly to the engine 
as outlined under Attach Power Take-Off to Engine. 


15. Adjust the power take-off clutch as outlined under 
Clutch Adjustment, 


16. Install the inspection hole cover. 


Remove Power Take-Off from Engine 
If replacement of the clutch facings or reconditioning 


of the direct drive power take-off assembly becomes 
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Power Take-Off Mounting (Front) 


Fig. 6 - 


necessary, it must be disconnected and removed from 
the engine. 


With the power take-off disconnected from its driven 
mechanism. refer to Fig. 5 or 6 and remove the power 
take-off as follows: 


1. Remove the engine accessories, 
permit removal of the power take-off. 


as required, to 


2. Remove the pulley and key from the drive shaft. 


3. Support the weight of the power take-off assembly 
with a rope sling and chain hoist as shown in Fig. 7. 
Engage the clutch with the hand lever to hold the 
clutch facings in place. 


4. Refer to Fig. 5 or 6. then remove the bolts and lock 
washers securing the power take-off assembly to the 
flywheel housing or bolts. lock washers and nuts to the 
front end power take-off adaptor. 


3. Screw two of the clutch housing attaching bolts into 
the tapped holes provided in the flange of the clutch 
housing and push the power take- off assembly away 
from the flyweel housing or the front end power take- 
off adaptor. Pull the power take-off assembly straight 
back away from the engine. 


NOTE: Do not permit the outer end of the unit 
to up down when being removed from the 
engine or the clutch pilot bearing may be 
damaged. 


6. If necessary. remove the clutch driving ring from 
the flywheel on rear mounted or the clutch drive 
adaptor on front mounted power take-off units. 


7. For removal of the front mounted power take-off 


adaptor, refer to Remove Power Take-Off Adaptor in 
Section 8.1.4. 
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DISASSEMBLE POWER TAKE-OFF 


With the power take-off assembly removed from the 
engine, it may be disassembled as outlined below: 


Remove Clutch Assembly from Clutch Drive 
Shaft 


1. Remove the inspection hole cover and gasket to 
expose the adjusting ring and linkage. 


2. On the I 1-1/2" diameter double-plate clutch power 
take-off unit. hold the outer end of the flexible grease 
tube from turning (inside the clutch housing) and 
remove the flexible tube retaining nut. Then pull the 
outer end of the grease tube inside of the clutch 
housing and remove the opposite end from the release 
sleeve collar. 


3. Support the power take-off assembly on wood blocks 
with the clutch drive shaft in a horizontal position. 
Then bend the edge of the lock washer up off the flat 
side of the clutch drive shaft nut. 


4. Disengage the clutch with the hand lever. On the 
10" diameter and the former 8" diameter single and 
11-1/2" diameter double-plate clutches equipped with 
the three-piece clutch facing, the clutch facing will 
drop out from between the pressure plates. 


5. Refer to Fig. 1 or 2 and slide the clutch release 





Fig. 7 - 


Removing Power Take-Off 
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lever spring (5) off of the clutch release levers and 
against the release sleeve collar. 


6. Refer to Figs. 1. 2 and 12 and remove the retaining 
rings from the pins (8); then remove the pins from the 
links. 


7. [nstall the key in the keyway of the clutch drive 
shaft. Attach a chain wrench to the drive shaft as 
shown in Fig. 8 to prevent the drive shaft from 
turning. Then remove the nut and lock washer from 
the shaft. 


CAUTION: Be sure and place the teeth of the 
chain wrench on top of the key to prevent 
damage to the drive shaft while holding the 
drive shaft from turning. If the key or the drive 
shaft is damaged and cannot be cleaned up. 
they must be replaced. 


8. Place pry bars behind the inner clutch pressure plate 
as shown in Fig. 9. While exerting pressure on the 
outer ends of the pry bars. loosen the clutch assembly 
from the tapered shaft and key with a brass drift and 
hammer as shown in Fig. 9. 


9. Remove the clutch assembly from the clutch drive 
shaft and place it on a bench with the forward face 
down. 


10. Remove the chain wrench from the clutch drive 
shaft. 


11. Remove the clutch retaining key from the clutch 
drive shaft. 


12. Slide the clutch release sleeve and release sleeve 
collar assembly off the clutch drive shaft. 





Fig. 8 - Removing Clutch Drive Shaft Nut 
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Fig. 9 - Removing Clutch Assembly from 
Clutch Drive Shaft 


Remove Clutch Release Shaft and Yoke from 
Clutch Housing Е 


і. Loosen the hand lever attaching bolt, then slide the 
hand lever off of the clutch release shaft. 


2. Refer to Fig. 1 or 2 and remove the two clutch 
release yoke bolts (24) and lock washers from the 
clutch release yoke (23). 


3. Slide the clutch release yoke to the right or left and 
the clutch release shaft in the opposite direction unul 
the two Woodruff keys are free from the clutch release 
yoke. 


4. Remove the two Woodruff keys from the clutch 
release shaft; then withdraw the clutch release shaft 
from the clutch housing and release yoke. 


Remove Clutch Drive Shaft from Clutch 
Housing 


With the clutch. assembly removed from the clutch 
drive shaft. refer to Fig. 1 or 2 and remove the clutch 
drive shaft from the clutch housing as follows: 


|. Remove the kev from the pulley end of the clutch 
drive shaft. 1f not previously removed. 


2. Remove the bearing retainer lock plate bolt (15). 
lock washer and bearing retainer lock plate (14) from 
the inside of the clutch housing. 


3. Remove the bearing retainer (21) from the clutch 
housing by turning the retainer counterclockwise. 


4. Pull the clutch drive shaft and roller bearing cones 
and one bearing cup from the clutch housing. If the 





May. 1971 SEC. 8.1 Page 7 


8.1 Power Take-Off 





Fig. 10 - Removing Roller Bearing Cup from 
Housing 


bearing cones or cup tend to stick in the clutch 
housing, tap on the outer end of the clutch drive shaft 
lightly with a plastic hammer to loosen the bearing 
cup. 


5. The bearing cup of the rear roller bearing cone will 
remain in the clutch housing when the clutch drive 
shaft is removed from the clutch housing. It may be 
removed by inserting a punch in the holes provided at 
the rear of the clutch housing and tapping the punch 
alternately at three points as shown in Fig. 10. Do not 
cock the bearing cup when removing it. 


6. If necessary. remove the clutch release sleeve collar 
grease fitting cover on the side of the clutch housing 
(8" and 10" diameter clutch power take-offs). 


7. Wash the roller bearing cups and cones thoroughly 
in clean fuel oil, dry them with compressed air and 
examine them for wear, corrosion or rough spots. If 
the bearings are unsatisfactory for further use. remove 
them from the clutch drive shaft. 


Remove Roller Bearing Cones from Clutch 
Drive Shaft 


The roller bearing cones may be removed from the 
clutch drive shaft as follows: 


l. Place two split plates (inset in Fig. 11) between the 
bearing cones; then support the clutch drive shaft and 
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split plates оп two steel supports on the bed of the 
arbor press as shown in Fig. 11. 


2. Place wood blocks under the lower end of the clutch 
drive shaft to prevent the drive shaft from falling and 
being damaged when it is pressed from the bearing. 


3. With the ram of the press resung on the end of the 
drive shaft. press the shaft out of the roller bearing 
cone. 


4. Reverse the clutch drive shaft on the bed of the 
press and remove the second bearing cone in the same 
manner. 


Disassemble Clutch 
Refer to Figs. 1. 2 and 12 and proceed as follows: 


|. Remove the retaining rings (2) from the pins (48) 
that connect the release levers (4) to the bosses on the 
outer clutch pressure plate (34). Remove the pins and 
levers from the outer pressure plate. 


2. Remove the clutch adjusting ring spring lock 
retaining screw (31). lock washer and spring lock (29) 
from the inner clutch pressure plate (32). 


3. On the current 8", 10" and 11-1/2" diameter 
clutches, remove the clutch adjusting ring wear plate 
(27) from inside the adjusting ring. 


4. Remove the clutch adjusting ring (28) by turning it 
counterclockwise out of the inner clutch pressure plate. 


5. Lift the inner clutch pressure plate straight up off 
the bosses on the outer clutch pressure plate (34). 


ROLLER 
BEARING 
CONE 











Fig. 11 - Removing Roller Bearing Cone from 
Clutch Drive Shaft 
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6. Remove the one-piece clutch facing from the outer 
clutch pressure plate (8" diameter clutch). 


On the 11-1/2" diameter double-plate clutch assem- 
bly. remove the one-piece clutch. facing from the 
center pressure plate. Lift the center clutch pressure 
plate straight off the bosses on the outer pressure plate. 
then remove the second one-piece clutch facing. 


7. Remove the three clutch pressure plate separator 
springs (47) from the holes (or pins in the 11-1/2" 
diameter double-plate clutch) їп the outer clutch 
pressure plate. 


8. If necessary, on the 11-1/2" diameter double-plate 
clutch, remove the clutch pressure plate separator 
spring roll pin (Fig. 2) with a pair of pliers. 


9. Remove the clutch release lever spring (5) as an 
assembly from the clutch release sleeve. 


10. Matchmark both halves of the release sleeve collar 
(13) to assure that they will be assembled in the same 
position. 


11. Remove the two nuts from the bolts (12) securing 
the two halves of the collar (13) together, then remove 
the collar from the release sleeve (26). 


12. Remove the retaining rings from the pins (8) that 
connect the links (11) to the release sleeve (26). 
Remove the pins and links from the release sleeve. 


13. If necessary. remove the grease fitting (Fig. 12) 
from the end of the release sleeve collar trunnion (8" 
and IO" diameter clutches). 


Remove Clutch Drive Shaft Pilot Bearing 


If the clutch pilot bearing is worn or damaged. it may 
be removed as follows: 


Г. On the front mounted power take-off. remove the 
pilot bearing from the clutch drive adaptor with slide 
hammer J 5901-1 and remover adaptor J 5901-2. 


2. On the rear mounted power take-offs, remove the 
pilot bearing from the flywheel as follows: 


a. Remove the six flywheel attaching bolts and the 
bearing retainer or scuff plate. then reinstall one 
of the attaching bolts to hold the flywheel on the 
crankshaft. 


CAUTION: When removing or installing the 
flywheel attaching bolts. hold the flywheel 
firmly against the crankshaft by hand to 


prevent it from slipping off the end of the 
crankshaft. The flywheel is NOT doweled to the 
crankshaft. 


b. Remove the pilot bearing from the flywheel with 
slide hammer J 5901-1 and remover adaptor 
J 5901-2. 


INSPECTION 


Wash all of the power take-off parts. except the clutch 
facings or shielded bearings, in clean fuel oil and dry 
them with compressed air. Shielded bearings must not 
be washed; dirt may be washed in and the cleaning 
fluid could not be entirely removed from the bearing. 


Examine the ball and roller bearings for corrosion and 
pitting. Lubricate each bearing with light engine oil: 
then, while holding the inner race or cone from 
turning, revolve the outer race or cup slowly by hand 
and check for rough spots. 


Examine the clutch facing for wear. burning or 
scoring. Also check the teeth for wear or damage and 
measure the thickness of the facing. Replace the clutch 
facing if the teeth are worn or damaged. or if the 
facing is badly burned. scored or worn 10 the 
approximate worn thickness shown in the chart under 
Replace Clutch Facings. 


Inspect the friction surfaces of the inner, center and 
outer clutch pressure plates; they should be flat, 
smooth and free from cracks or heat checks. Also 
examine the drive bosses. the keyway in the outer 
pressure plate. the adjusting ring threads and the 
notches in the inner pressure plate. 


Examine all of the release levers. link pins and pin 
holes in the links. release levers. release sleeve and 
pressure plate for wear. 


On the current clutch adjusting ring. inspect the wear 
plate and the threads for wear. If the wear plate is 
worn excessively, reverse the plate. If both sides of the 
plate are worn excessively. replace it. 


NOTE: On the current 8". 10" and 11-1/2" 
diameter clutches, the wear plate 15 loose in the 
adjusting ring. 


On the former clutch adjusting ring. inspect the face 
of the ring where the release levers make contact and 
the threads for wear. If worn excessively. replace the 
adjusung ring. 


Inspect the fingers of the former adjusting ring lock 
for wear. If worn excessively or damaged. it must be 
replaced with the current lock. 
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Check for weak and broken pressure plate separator 
springs. Refer to the following table for the spring 
specifications. Then check the spring load with spring 
tester J 9666. 


PRESSURE PLATE SEPARATOR SPRING CHART 














Approx. 
ed Free Арргох. Force Exerted by Spring* 
ize Ў 
Length 
8" 7/8'' 3/8" |12-15 lbs at 5/8'' length 
| 10" 1-1/16''| 7/16" | 15-20 Ibs at 13/16" length 
| 11-1/2'' 2" 21/64'' | 15-20 Ibs at 1-3/16'' length 








*Springs should be replaced when force exerted is less than 
lowest pressure specified at length indicated. 


Examine the wear surface of the clutch release sleeve 
collar and the mating surface on the release sleeve. 


Inspect the mating surface of the clutch release yoke 
fingers and mating trunnions on the release sleeve 
collar for wear. 


Inspect the keyways in the clutch drive shaft. If the 
shaft is excessively peened or damaged so that the 
keys have a tendency to “roll”, the drive shaft must be 
replaced. 


Replace all of the power take-off parts that are 
excessively worn or damaged. 


ASSEMBLE POWER TAKE-OFF 


With all of the power take-off parts cleaned and 
inspected and necessary parts on hand, the power 
take-off may be reassembled,as outlined below. 


Assemble Clutches 
Refer to Figs. 1,2 and 12 and proceed as follows: 


l. Place the outer pressure plate (Fig. 13) on a bench 
with the hub end of the pressure plate up. 


2. If removed (on the 11-1/2" diameter double-plate 
clutch), instal} the pressure plate separator spring roll 
pins in the holes in the outer pressure plate by driving 
them straight into the plate until they bottom. 


3. Place the pressure plate separator springs in the 
holes (or on the pins in the 11-1/2" diameter double- 
plate clutch) in the outer pressure plate. 


4. On the 8" diameter clutch. place the one-piece 
clutch facing on top of the pressure plate. 


5. If a one-piece clutch facing is used on the 11-1/2" 
diameter clutch, place the clutch facing on top of the 





INNER PRESSURE PRESSURE PLATE 


PLATE SEPARATOR 


SPRINGS 


Fig. 13 - Installing Inner Pressure Plate With 
Springs and Clutch Facing in Plate 


pressure plate. followed by the center pressure plate 
and the second one-piece clutch facing. 


NOTE: On the 10" diameter clutch and the 
former 11-1/2" diameter clutch using a three- 
piece clutch facing. install the clutch facings 
after the clutch has been assembled. 


6. With the notches in the inner pressure plate aligned 
with the bosses on the outer pressure plate, place the 
inner pressure plate over the bosses and rest it on the 
three pressure plate separator springs. 


7. Lubricate the threads of the clutch adjusting ring 
(28) lightly with engine oil. then thread the adjusting 
ring into the inner pressure plate until it bottoms. 


8. On the current 8". 10" and 11-172" diameter 
clutches, place the clutch adjusting ring wear plate in 
the cavity in the adjusting ring (Fig. ] or 2). 


The clutch adjusting ring wear plate was not used on 
the former 8" , 10" and 11-1/2" diameter clutches. 


9. Install the clutch release levers as shown in Fig. 14. 


10. Align the holes in the clutch release levers and the 
pressure plate: insert the clutch release lever pins 
through the holes and secure them in place with the 
retaining rings. 


NOTE: Be sure the retaining rings are securely 
locked in the groove in the release lever pins. 


11. Lubricate the inside diameter of the clutch release 
sleeve collar sparingly with an all purpose grease such 
as Shell Alvania No. 2. or equivalent. Note the 
matchmarks previously placed on the collar. then place 
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Fig. 14 - Installing Clutch Release Lever 


the two halves of the collar over the shoulder on the 
cluteh release sleeve and secure it in place with two 
bolts and nuts. Rotate the collar on the sleeve to be 
sure it rotates freely. If necessary, loosen the nuts and 
tap the edge of the collar lightly with a plastic 
hammer to free it up, then retighten the nuts. 


12. If removed. install the grease fitting (Fig. 12) in 
the end of clutch release sleeve collar trunnion (8" 
and 10" diameter clutches). 


13. Place the clutch release lever spring (5) over the 
end of the clutch release sleeve and against the clutch 
release sleeve collar. 


14. Note the position of the stop on the clutch release 
lever links (11), Fig. 1 or 2. Then attach а pair of 
release lever links to each ear on the clutch release 
sleeve with link pins (8) and retaining rings. 


NOTE: Be sure the retaining rings are securely 
locked in the groove in the link pins (8). 


15. Place the clutch release sleeve on top of the clutch 
pressure plates with each pair of release lever links 
(11) astride the release levers (4). Then connect the 
release lever links to the release levers with the pins (8) 
and the retaining rings. 


NOTE: Be sure the retaining rings are securely 


locked in the groove in the link pins. 


16. Slide the clutch release lever spring (5) over the 
end of the release lever links and into place on the 
clutch release levers (4) as shown in Fig. 1 or 2. 


17. On the 10" diameter single-plate clutch, insert the 





three-piece clutch. facing in between the inner and 
outer clutch pressure plates and center them. 


If a three-piece clutch facing is being used on the 11- 
1/2" diameter double-plate clutch, insert the center 
two sets of clutch facings in between the pressure 
plates, with the teeth of both sets of clutch facings in 
alignment. 


18. Lock the clutch facing between the inner and outer 
pressure plates as follows: 


a. With the clutch. assembly resting on a bench, 
forward face down. turn the clutch adjusting ring 
counterclockwise until the inner pressure plate 
almost contacts the clutch facing. 


b. Place the clutch driving ring over the clutch facing 
with the teeth in the driving ring in mesh with the 
teeth. оп the clutch. facing. Then position the 
driving ring centrally relative to the pressure 
plates. 


NOTE: If the driving ring is not properly 
located, the clutch cannot be assembled to the 
flywheel or the clutch drive adaptor because the 
teeth. of the clutch. facing will not enter the 
teeth of the driving ring even though the clutch 
drive shaft enters the pilot bearing. 


c. Lock the clutch facing between the pressure plates 
by applying pressure on the outer end of the 
clutch release sleeve and collar assembly. If the 
clutch facing is still free to move, disengage the 
clutch and turn the adjusting ring counterclock- 
wise just enough to lock the clutch facing in place 
when the clutch is engaged. The clutch must now 
be kept engaged until the power take-off is 
assembled and attached to the engine. 


19. Remove the clutch driving ring from the clutch 
facing and attach it to the flywheel. or the clutch drive 
adaptor at the front end of the engine, with bolts and 
lock washers. Tighten the 3/8" -16 bolts to 30-35 lb-ft 
torque. 


20. Attach the adjusting ring spring lock (29) to the 
inner pressure plate with a bolt (31) and Jock washer. 
Be sure the ends of the spring lock are in the notches 
in the adjusting ring. 


Install Roller Bearing Cones on Clutch Drive 


Shaft 


. 12) were removed 
6). install them as 


If the roller bearing cones (Fi 
from the clutch drive shaft ( 
follows: 


о 
c 
1 





Page 12 


DETROIT DIESEL 53 


Power Take-Off 8.1 





і. Lubricate the inside diameter of the roller bearing 
cone with engine oil: then start the bearing cone 
straight on the drive shaft with the wide face of the 
race facing the shoulder on the drive shaft (Fig. 15). 


2. Place a steel ring approximately 1/4" thick over the 
end of the shaft and rest it on the inner race of the 
bearing cone. 


CAUTION: The steel ring must bear against the 
inner race of the bearing cone. Do not allow 
any pressure to be applied against the roller 
bearing cage or the bearing cone will be 
damaged. 


3. Support the clutch. drive shaft, bearing cone and 
steel ring on the bed of an arbor press with split plates 
under the steel ring as shown in Fig. 15. Then press 
the drive shaft straight into the bearing cone until the 
inner race is tight against the shoulder on the shaft. 


4. Install the second roller bearing cone on the clutch 
drive shaft in the same manner. 


Install Clutch Drive Shaft in Clutch Housing 


With the roller bearing cones installed on the clutch 
drive shaft. install the shaft as follows: 


і. Support the clutch housing on a wood block with the 
forward (bell) side of the housing up. 


2. If removed. lubricate the outside diameter of the 
rear roller bearing cup with engine oil: then start it 
straight into the bearing bore in the clutch housing 
with the tapered inner diameter of the cup facing up. 


3. Place a hard wood block (1" O.D. x 15" long) on 
the top edge of the bearing cup, then use a hammer to 
tap the bearing cup down in the clutch. housing by 
tapping it alternately at several places. 


CAUTION: Do not allow any wood chips off of 
the wood block to get under the bearing cup. 


4. Support the clutch housing on wood blocks in a 
horizontal position. 


5. Lubricate the roller bearing cones with light engine 
oll: then insert the outer end of the clutch drive shaft 
through the bearing bore from the forward side of the 
clutch housing until the bearing cone contacts the 
bearing cup. 


6. Lubricate the outside diameter of the front roller 
bearing cup with engine oil. Place the cup over the 
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Fig. 15 - Installing Roller Bearing Cones On 
Clutch Drive Shaft 


forward end of the clutch drive shaft with the tapered 
inner diameter of the cup facing the bearing cone. 


7. Start the roller bearing cup straight in the bearing 
bore of the clutch housing. Then tap the cup in against 
the rollers of the bearing cone by tapping alternately 
around the cup with a hard wood block and hammer. 


8. Lubricate the threads of the roller bearing retainer 
(21) with engine oil. Place the retainer over the 
forward end of the drive shaft with the notches in the 
end of the retainer facing the forward end of the 
shaft. 


9. Thread the bearing retainer into the bearing bore 
until it is against the bearing cup. Tighten the bearing 
retainer while rotating the drive shaft until the 
bearing retainer is tight and the bearing cups are 
seated. When the bearing cups are seated. it will be 
noted by the increased effort required to rotate the 
drive shaft. 


10. Back the bearing retainer out 2 or 3 notches. 


11. Support the clutch housing and shaft assembly on 
wood blocks with the outer end of the clutch drive 
shaft up. Then tap on the outer end of the drive shaft 
with a plastic hammer to force the roller bearing cup 
down until the bearing cup seats on the bearing 
retainer. 


Clutch Drive Shaft End Play Adjustment 


To check the end play in the clutch drive shaft 
bearing. the power take-off must be removed from the 
engine and the clutch assembly removed from the 
drive shaft to be checked correctly. If the clutch drive 
shaft and bearing assembly has just been installed in 
the clutch. housing. the end play in the drive shaft 
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Fig. 16 - Checking Clutch Drive Shaft End 
Play 


bearing must be checked before the clutch is attached 
to the drive shaft. 


Servicing personnel should read the instructions on the 
clutch. housing name plate. Instructions on the name 
plates are correct for the particular power take-off to 
which they are attached. If ап occasion occurs that a 
unit does not have the clutch drive shaft end play 
listed on the clutch housing name plate. the bearing 
should be adjusted in accordance with the recommen- 
dations listed in the following table. 





Clutch Sizes | End Play 





8'',10'' and 11-1/2"' | .004'' to .006"” 





With the clutch drive shaft and bearing assembly 
installed in the clutch housing, the clutch drive shaft 
bearing end play may be checked as follows: 


1. Support the clutch housing with a sling and chain 
hoist with the drive (pulley) end of the shaft down as 
shown in Fig. 16. 


2. Lower the clutch housing unul the end of the drive 
Shaft rests on the wood block. 


3. Insert four pieces of shim stock. which are the same 
thickness, between the bearing retainer and the drive 
shaft as shown in Fig. 16. 


4. Attach a dial indicator to the pilot bearing end of 
the drive shaft. then position the indicator as shown in 


Fig. 16. Set the dial indicator at zero. 


5. Lift the clutch housing and drive shaft assembly 
from the wood block. 


6. Tap lightly on the pilot bearing end of the drive 
shaft to move the drive shaft and bearing outer cone 
assembly against the outer roller bearing cup. 


7. Note the reading on the dial indicator. The dial 
indicator will show the amount of end play in the 
clutch drive shaft bearing. 


8. Lower the clutch housing until the end of the drive 
shaft rests on the wood block and the weight of the 
housing is off of the chain hoist. 


9. Tap lightly on the inner side of the clutch housing 
alternately around the bearing retainer to be sure the 
inner roller bearing cone rests against the bearing cup. 
The dial indicator should read zero. 


10. If necessary. turn the bearing retainer clockwise to 
decrease or counterclockwise to increase the drive 
shaft bearing end play. 


11. Repeat the above steps to make sure the readings 
are correct, then install the bearing retainer lock plate, 
lock washer and bolt. 


12. Remove the shim stock and the dial indicator. 


13. Support the clutch. housing and drive shaft 
assembly on wood blocks in a horizontal position. 


14. Refer to Lubrication and fill the roller bearing 
cavity through the grease fitting, above the bearing, 
with a grease gun until the grease just starts to seep 
out around the clutch drive shaft at the bearing 
retainer or at the rear of the clutch housing. 


NOTE: Rotate the clutch drive shaft when filling 
the bearing cavity to be sure the bearing cavity 
is full of grease. 


Install Clutch Release Shaft ond Yoke in 
Clutch Housing 


With the clutch drive shaft and bearings installed in 
the clutch housing. install the clutch release shaft and 
yoke in the clutch housing as follows: 


1. Squirt engine oil in the clutch release shaft holes in 
the clutch housing. 


2. Slide the clutch release shaft (22) through one of the 
holes in the side of the clutch housing. Position the 
clutch release voke (23) in front of the release shaft 
inside of the clutch housing so that the heads of the 
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clamping bolts (24) will face the forward end of the 
clutch housing (Fig. 1 or 2). Slide the release shaft 
through the release yoke and through the hole in the 
opposite side of the clutch housing. 


3. Move the release yoke to one side of the clutch 
housing to expose the two keyways in the shaft. Then 
install the two Woodruff keys in the release shaft. 


4. Align the keyways in the release yoke with the 
Woodruff keys in the release shaft; then move the 
release yoke over the keys until it is centrally located 
in the clutch housing and each end of the release shaft 
extends an equal distance outside of the clutch 
housing. 


5. Install the two clamp bolts (24) and lock washers 
and tighten the bolts to 30-35 Ib-ft torque. 


Install Clutch Assembly on Clutch Drive Shaft 


1. Support the clutch housing and drive shaft assembly 
on wood blocks with the clutch drive shaft in a 
horizontal position and the inspection hole in the 
clutch housing facing up. 


2. Lubricate the inside diameter of the clutch release 
sleeve with engine oil. Then start the clutch assembly 
over the tapered end of the clutch drive shaft with the 
keyway in the hub of the outer pressure plate in line 
with the kevway in the clutch drive shaft. Position the 
clutch release sleeve collar so that the grease fitting in 
the end of the release sleeve collar trunnion faces the 
opening in the side of the clutch housing; then guide 
the fingers of the release yoke over the trunnions on 
the release sleeve collar as shown in Fig. 17. 


On the |1-1/2" diameter clutch. position the clutch 
release sleeve collar so the tapped hole in the collar 
faces the flexible grease tube hole in the side of the 
clutch housing. 


CAUTION: The clutch release sleeve is a close fit 
on the drive shaft and must be started straight 
over the clutch drive shaft to prevent any bind 
between the release sleeve and the drive shaft. 


3. Shde the clutch assembly back on the clutch drive 
shaft until it is ught against the taper on the drive 
shaft. then insert the key (35) in the keyway and tap it 
into place with a punch and a hammer. 


4. Place the lock washer (38) on the drive shaft and 
against the outer pressure plate with the tang on the 
inner diameter of the lock washer in the keyway in the 
pressure plate. 


5. Install the clutch drive shaft nut (39). 
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Fig. 17 - Installing Clutch Assembly 

6. Instal] the key in the keyway of the clutch drive 
shaft. Attach a chain wrench to the drive shaft as 
shown in Fig. 8 to prevent the drive shaft from 
turning. 


CAUTION: Be sure and place the teeth of the 
chain wrench on top of the key to prevent 
damage to the drive shaft while holding the 
drive shaft from turning. If the key or the shaft 
is damaged and cannot be cleaned ир, they 
must be replaced. 


7. Tighten the clutch. drive shaft nut to the torque 
specified in the following table. Then bend the edge of 
the lock washer over against the flat side of the nut. 








Clutch Nut Lb-Ft 
Size Size Torque 
8" 1-1/8''-12 165-170 
10"' 1-5/16''-12 175-180 

11-1/2'' 1-3/4''-10 225-230 





8. On the 11-1/2" diameter double-plate clutch power 
take-off unit thread the small end of the flexible grease 
tube in the hole in the side of the clutch release sleeve 
collar. Then insert the opposite end of the tube 
t^rough the hole in the side of the clutch housing and 
install the tube retaining nut. Tighten the retaining 
nut while holding the tube nut inside the clutch 
housing from turning. Install the grease fitting in the 
tube, if it was removed. 


9. Attach the inspection hole cover and gasket to the 
clutch housing. 
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10. If removed. install the clutch release sleeve collar 
grease fitting cover on the side of the clutch housing 
(8" and 10" diameter clutch power take-offs). 


11. For installation of the front mounted power take- 
off adaptor (1), refer to Install Power Take-Off Adaptor 
in Section 8.1.4. 


Install Clutch Drive Shaft Pilot Bearing 


If removed, install the clutch pilot bearing (45) in the 
clutch drive adaptor (46) or the flywheel (Fig. 1 or 2) 
as follows: 


1. On the front mounted power take-off, lubricate the 
outside diameter of the pilot bearing with engine oil. 
Start the bearing, shielded side of bearing facing out. 
straight into the clutch drive adaptor, then drive the 
bearing into and against the shoulder in the adaptor 
with a bearing driver. 


2. On the rear mounted power take-offs, with the 
flywheel attached to crankshaft with one bolt, install 
the pilot bearing as follows: 


a. Lubricate the outside diameter of the pilot bearing 
with engine oil. Start the bearing, shielded side of 
bearing facing out. straight into the flywheel, then 
drive the bearing into and flush with the rear face 
of the flywheel with a bearing driver or tool 
J 3154-04 with suitable plates. 


NOTE: The clutch drive shaft pilot bearing used 
on the 11-1/2" diameter clutch power take-off 
is a prelubricated bearing and is shielded on 
both sides. When installing this bearing. the 
numbered side of the bearing should face the 
rear (finished) face of the flywheel. 


b. While holding the flywheel in place on the 
crankshaft by hand. remove the one flywheel 
attaching bolt. Then place the bearing retainer 
(scuff plate) against the flywheel and align the 
bolts holes.in the retainer with the holes in the 
flywheel. Install the six flywheel attaching bolts 
and ughten them to the specified torque. 


CAUTION: When removing or installing the 
flywheel attaching bolts, the flywheel must be 
held firmly against the crankshaft to prevent it 
from slipping off the end of the crankshaft. The 
flywheel is NOT doweled to the crankshaft. 
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ATTACH POWER TAKE-OFF TO ENGINE 


With the power take-off assembled, attach it to the 
engine as follows: 


1. If not previously installed, attach the clutch driving 
ring to the flywheel or the clutch drive adaptor with 
bolts and lock washers. Tighten the bolts to 30-35 lb-ft 
torque. 


2. Support the power take-off assembly with a rope 
sling and chain hoist as shown in Fig. 7, then position 
the power take-off assembly at the rear of the flywheel 
housing, or the adaptor at the front end of the engine, 
with the clutch drive shaft in line with the pilot 
bearing in the flywheel or the clutch drive adaptor. 


3. Push the power take-off forward and guide the 
forward end of the drive shaft straight into the clutch 
pilot bearing (45), Fig. 1 or 2, and engage the teeth on 
the outer diameter of the clutch facings (26) with the 
teeth in the inner diameter of the driving ring (3). 


4. Guide the pilot on the clutch housing straight into 
the flywheel housing or the front end adaptor opening, 
then install the clutch housing to the flywheel housing 
with bolts and lock washers, or to the adaptor with 
bolts, lock washers and nuts. Tighten the bolts and 
nuts to 30-35 lb-ft torque. 


5. Remove the chain hoist and the rope sling. 


6. Install the clutch control hand lever (7) on the clutch 
release shaft (22) and secure it in place with a bolt and 
lock washer. 


CAUTION: The thrust load on the clutch release 
sleeve collar should be kept at an absolute 
minimum. Therefore, the hand lever should be 
positioned on the shaft as near the 12 o'clock or 
6 o'clock position as possible. The 9 and 3 
o'clock positions are to be avoided. 


7. Install all of the accessories on the engine that were 
removed. 


8. Install the key and pulley on the clutch drive shaft. 


9. Refer to Lubrication and lubricate the clutch release 
sleeve collar, clutch levers and linkage. 


10. Before applying the load and with the clutch 
released, rotate the drive shaft by hand to be sure it 
rotates freely. 


11. Refer to Clutch Adjustment and adjust the power 
take-off clutch as described for the clutch size being 
used. 
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8.1.4 


FRONT POWER TAKE-OFF ADAPTOR AND DRIVE 
MECHANISM 


The front power take-off adaptor and drive mecha- 
nism (Fig. 1) consists of an adaptor which is bolted to 
ihe lower engine front cover, a clutch drive adaptor 
mounted on the front end of the crankshaft and a 
clutch driving ring. 


The clutch drive adaptor is secured to the crankshaft 
with two cones, a washer and bolt. The clutch drive 
ring is bolted to the clutch drive adaptor. The forward 
end of the clutch drive shaft is supported by a pilot 
ball bearing in the clutch drive adaptor assembly. 


Remove Power Take-Off Adaptor and Drive 
Mechanism 


When removal of the front end power take-off adaptor 
or drive mechanism becomes necessary. they may be 
removed as follows: 


l. Refer to Remove Power Take-Off From Engine in 
Section 8.1 for removal of the power take-off 
assembly. 


ENGINE 


AL DRIVE 
i RING 











ADAPTOR 


Fig. 1 - Front Power Take-Off Adaptor and 
Drive Mechanism 








Fig. 2 - Removing Clutch Drive Shaft Pilot 
Bearing From Clutch Drive Adaptor 


2. If used. loosen the bilge pump or the generator 
drive belt, then disconnect the belt by removing the 
connecting pins and remove the belt from the 
accessory drive pulley and bilge pump or generator 


pulley. 


CAUTION: Use care not to lose the two-piece 
connecting pin after it has been removed. 


3. Remove the clutch drive shaft pilot bearing from 
the clutch drive adaptor with slide hammer J 5901-1 
and remover adaptor J 5901-2 as shown in Fig. 2. 


4. Remove the clutch drive adaptor to crankshaft bolt 
and washer securing the drive adaptor to the 
crankshaft. 


5. Use a wood block and hammer as shown in Fig. 3 
to loosen the clutch drive adaptor from the crankshaft. 


6. Insert the blade of a screw driver in the slot in the 
front cone to expand it, then withdraw it from the 
crankshaft. 


7. Shde the clutch. drive adaptor assembly from the 
crankshaft. 
8. If necessary. slide the inner cone off the end of the 
crankshaft. 


9. Remove the bolts and lock washers securing the 
front engine supports to the engine base. 
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Fig. 3 - Loosening Clutch Drive Adaptor 


10. Attach a suitable lifting sling and chain hoist to 
the front engine lifter bracket. Then lift the front end 
of the engine just enough to free the supports from the 
base. 


11. Remove the six bolts and lock washers securing the 
power take-off adaptor to the engine front cover 
(Fig. 5). 


12. Install а 3/8" -16 x 6" pilot stud in two of the 
attaching bolt holes, diametrically opposite each other 
to support the adaptor. 


13. While supporting the front end of the power take- 
off adaptor. tap alternately against the back side of the 
engine supports with a plastic hammer to free the 
adaptor from the end plate and dowel pins in the 
engine front cover. Then slide the adaptor off of the 
pilot studs and crankshaft. being careful not to 
damage the oil seal. 


Inspection 


Wash all of the parts. except the shielded bearing. in 
clean fuel oil and dry them with compressed air. 
Shielded bearings must not be washed; dirt may be 
washed in and the cleaning fluid could not be entirely 
removed from the bearing. 


Examine the clutch pilot ball bearing for corrosion or 
pitting. Lubricate the bearing with light engine oil: 
then. while holding the bearing inner race from 
turning, revolve the outer race slowly by hand. Replace 
the bearing if it is defective. 


Inspect the clutch drive adaptor to make sure the 
rubber is firmly bonded to the metal at each end of 
the drive adaptor assembly. If the clutch drive adaptor 
has been exposed to fuel oil, lubricating oil or 
excessive heat, the rubber may have become loosened. 


Power Take-Off Adaptor and Drive 


DETROIT DIESEL 53 


In this event, the clutch drive adaptor assembly must 
be replaced. 


Instail Power Take-Off Adaptor and Drive 
Mechanism 


Refer to Figs. 1 and 4 and proceed as follows: 


|. Install a 3/8" -16 x 6" pilot stud in two of the 
attaching bolt holes, diametrically opposite each other, 
to support the adaptor. 


2. Place the power take-off adaptor over the crankshaft 
and guide the pilot studs into the bolt holes of the 
adaptor. Then slide the adaptor back over the pilot 
studs and dowel pins and against the engine front 
cover. 


3. Refer to Fig. 5 and install the six bolts and lock 
washers. Tighten the 3/8"-16 bolts to 30-35 lb-ft 
torque and the 7/16" -14 bolts to 46-50 Ib-ft torque. 


4. If removed, place the clutch drive adaptor hub rear 
cone over the end of the crankshaft with the tapered 
end of the cone facing the front end of the crankshaft, 
then slide the cone back against the shoulder on the 
crankshaft. 


5. Place the clutch drive adaptor assembly over the end 
of the crankshaft and against the taper on the rear 
cone. 


6. Place the front cone over the end of the crankshaft 
with the tapered end of the cone facing the adaptor 
hub. Insert the blade of a screw driver in the slot in 
the cone to expand it. then slide the cone straight 
forward until the taper on the cone contacts the taper 
on the adaptor hub. Remove the screw driver. 


7. Place the washer on the clutch drive adaptor to 
crankshaft bolt and thread the bolt in the crankshaft. 
Tighten the 3/4" -16 bolt (In-Line and 6V engines) to 
200-220 lb-ft torque: tighten the 1" -14 bolt (8V and 
12V engines) to 290-310 Ib-ft torque. 


DRIVE WASHER BEARING 
ADAPTOR 


ADAPTOR BOLT 3122 





Fig. 4 - Front Power Take-Off Adaptor and 
Drive Details and Relative Location of Parts 
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8. If removed. attach the clutch driving ring to the 
clutch. drive adaptor with bolts and lock washers. 
Tighten the bolts to 30-35 Ib-ft torque. 


9. Install the clutch. drive shaft pilot bearing in the 
clutch drive adaptor as follows: 


a. Lubricate the outside diameter of the pilot bearing 
with engine oil. 


b. Start the bearing, shielded side facing out, straight 
into the clutch. drive adaptor. then drive the 
bearing straight into and against the shoulder in 
the adaptor with a bearing driver, or use a round 
bar as shown in Fig. 6. 


NOTE: The round bar used to drive the bearing 
in should be slightly smaller than the outside 
diameter of the bearing and flat on the end. 





Fig. 6 - Installing Clutch Drive Shaft Pilot 
Bearing in Clutch Drive Adaptor 


10. Lower the front end of the engine so the front 
engine supports rest on the engine base. then install 


the bolts and lock washers securing the front engine 
supports to the engine base. Tighten the bolts securely. 


11. Remove the chain hoist and sling from the engine. 


12. If used, insert one end of the drive belt through the 
opening in the side of the adaptor. over the accessory 
drive pulley, back out the adjacent hole in the side of 
the adaptor, over the bilge pump or generator pulley 
and connect the ends of the belt with the connecting 
pin. Then adjust the belt tension. 


CAUTION: Use care not to lose the two piece 
connecting pin: also. be sure the pin is rotated 
to its locked position. 


BOLTS- 
Ф 





13. Refer to Attach Power Take-Off To Engine in 
Fig. 5 - Location of Power Take-Off Adaptor Section 8.1 for the installation of the power take-off 
to Engine Bolts assembly. 
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SHOP NOTES - TROUBLE SHOOTING - 
SPECIFICATIONS - SERVICE TOOLS 


SHOP NOTES 


CONNECTING A REMOTE MOUNTED TRANSMISSION TO A 4 or 6V-53 ENGINE 


When connecting a remote mounted transmission to 
an engine equipped with a rear power take-off adaptor 
housing assembly (support bearing), Fig. 1, the inner 
oil seal in the power take-off housing must be in 
contact with the straight portion of the adaptor shaft. 


Also the distance between the rear face of the power 
take-off housing and the rear face of the adaptor shaft 
must not exceed the following: 





Dimension А 





1.54" Min. - 1.80" Max. 


2.14" Min. - 2.40" Max. 











NOTE: The above dimensions not to be used 
with drive shafts having a slip joint. 














SUPPORT 


HOUSING 


FLYWHEEL 
HOUSING 
* ADAPTOR 
Кб 5270 
Fig. 1 - Typical Engine with Power Take-Off 
Adaptor Housing 
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TROUBLE SHOOTING 


POWER TAKE-OFF 


FAULTY OPERATION 


1. IMPROPER ADJUSTMENT 


CLUTCH DOES NOT RELEASE 


RATOR SPRINGS WEAK OR BROKEN 


PILOT BEARING FAILURE 
Check For 


9. LACK OF LUBRICANT 


10. MISALIGNMENT 


Page 2 


DRIVE SHAFT DAMAGE 


Check For 


11. MISALIGNMENT 


12. BELT LOADING ABNORMALLY HIGH 


13. DRIVE SHAFT BEARINGS WORN, 
DAMAGED OR NOT LUBRICATED 


CLUTCH FACING TEETH WEAR 


Check For 


14. MISALIGNMENT AND SHOCK 
ENGAGEMENT 


OVERHEATING 


Check 


15. TAPERED ROLLER BEARINGS 


16. CLUTCH FACINGS 
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Trouble Shooting - Power Take-Off 8.0 


FAULTY OPERATION (Cont'd). 


SUGGESTED REMEDY 


l. Adjust the clutch as outlined under Clutch 


Adjustment in Section 8.1. 


2. Disassemble the clutch and remove any excessive 
grease or oil from the clutch operating linkage. 
Remove all grease and oil from the pressure plates 
and facings. Replace clutch facings which are badly 
saturated. 


3. Measure the thickness of the clutch facings. Replace 
clutch facings worn to the minimum thickness shown 
in the chart under Replace Clutch Facings in 
Section 8.1. 


4. Check the installation and reduce the operating load 
on the unit as much as practical. also the shock loads 
and unnecessary belt loading should be reduced to a 
minimum. If necessary, install a power take-off 
assembly with a higher capacity clutch. 


5. When the clutch operating linkage is badly worn or 
broken and the clutch is adjusted as in Step 1, the 
clutch may not disengage. Replace worn or broken 
linkage. 


6. Broken or weak clutch release springs or clutch 
separator springs may cause the clutch to drag. 
Disassemble the clutch and replace the defective 
springs. 


7. Misalignment is caused by overloading the clutch 
drive shaft, shock loads or the runout and out-of- 
round condition of the flywheel housing face and bore. 
Inspect the installation and determine whether the 
load on the clutch drive shaft is excessive, refer to 
Step 4. The out-of-round (concentricity) and runout of 
a flywheel housing can be checked as outlined in 
Section 1.5. 


8. Damage to the clutch drive shaft pilot bearing is 
usually the result of misalignment (Step 7), lack of 
lubricant (Step 9), or incorrect adjustment of the 
tapered roller bearings. 


Adjust the clutch drive shaft tapered roller bearings 
after disassembling the power take-off and cleaning 
the bearings. Lubricate the bearings with engine oil. 


Then reinstall the clutch drive shaft and bearings and 
adjust the drive shaft end play as outlined under 
Clutch Drive Shaft End Рау Adjustment in 


Section 8.1. Complete the assembly of the power take- 
off and lubricate the tapered roller bearings with an all 
purpose grease such as Shell Alvania No. 2, or 
equivalent (see Step 15). 


9. The clutch drive shaft pilot bearing may fail from 
lack of lubricant. Remove the bearing from the 
flywheel or the clutch drive adaptor and check the 
lubricant. Refer to Lubrication in Section 8.1. 


To prolong the life of the clutch pilot bearing in an 
application where the power take-off is in continuous 
operation 8 hours or more a day, it is recommended 
that the engine be run at idle speed for at least 5 
minutes each work shift with the power take-off 
disengaged. This will permit the grease to work its way 
into the pilot bearing. 


10. Overloaded clutch drive shaft pilot bearing may 
fail. This condition may be corrected by referring to 
Step 7. 


11. The clutch drive shaft may be damaged by 
misalignment (refer to Step 7). 


12. Abnormally high belt load may cause damage to 
the clutch drive shaft (refer to Step 4). 


13. Clutch drive shaft bearings that are badly worn or 
damaged may damage the drive shaft. Replace all 
worn bearings and properly adjust the direct drive 
clutch drive shaft end play. 


14. Misalignment and shock engagement will place 
undue wear on the teeth of clutch facings and result in 
rapid wear (refer to Step 7). 


15. If the clutch drive shaft tapered roller bearings 
show evidence of overheating, replace the bearings. 
Abnormal overheating results from incorrect lubricat- 
ing procedure or improper lubricant. Excessive side 
load or incorrect shaft end play can also be 
contributing factors. Lubricate the bearings with an all 
purpose grease such as Shell Alvania No. 2, or 
equivalent. Properly lubricated bearings will have a 
small ridge of grease on the drive shaft next to the 
clutch housing. 


16. If inspection of the clutch facings reveals evidence 
of overheating, it is the result of clutch slippage. Refer 
to Step 1 to correct this condition. 
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TROUBLE SHOOTING 
TORGMATIC CONVERTER 


LOW CONVERTER CHARGING PRESSURE 


Probable Causes 


1. LOW OIL SUPPLY 
2. OIL LINE LEAKAGE 
i 3. DEFECTIVE OIL PUMP 


4. EXCESSIVE OIL FLOW 
TO TRANSMISSION 





1. Add oil. Refer to the Lubrication and Preventive 
Maintenance Chart in Section 15.1. 


2. Check for air leaks in the suction lines and oil leaks 
in the pressure lines. 


3. Check for wear in the oil pump. Check for high stall 
speed (refer to the specific Torqmatic Converter 
Service Manual). 


4. Check the operation of the selector valve: check the 


5. PLUGGED INLET LINE 
OR SCREEN 

6. SUCTION SCREEN 
UNCOVERED 


7. OIL FOAMING 


SUGGESTED REMEDY 


valve, by-pass valve and transmission driven pump 
(Series 400 through 900 converters). 


5. Check the inlet line and screen. Clean them if 
necessary (Series 400 through 900 converters). 


6. Check the oil level or check for improper 
installation of the suction screen (Series 400 through 
600 converters). 


7. Check to be sure the oil return line is below the oil 
level in the sump. 





MANUAL INPUT DISCONNECT CLUTCH SLIPPAGE 


Probable Causes 
1. CLUTCH FACING WEAR 





SUGGESTED REMEDY 





1. Adjust the clutch. 
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Trouble Shooting - Torqmatic Converter 


8.0 


HIGH OIL TEMPERATURE 


Probable Causes 


1. LOW OIL LEVEL 
(LOW FLOW RATE) 


2. HIGH OIL LEVEL 


3. LOW WATER LEVEL IN 
COOLING SYSTEM 


4. LOW CONVERTER 
CHARGING PRESSURE 


5. CLOGGED OR DIRTY 
HEAT EXCHANGER 


SUGGESTED REMEDY 


1. Add oil. Refer to the Lubrication and Preventive 
Maintenance Chart in Section 15.1. 


. Drain the oil to the proper level. 
. Add water. Check for leaks. 


. Refer to Chart 1. 


. Clean or replace the heat exchanger as necessary. 


. Readjust the work cycle to allow operation in ап 
efficient converter range. 


7. Check for the low maximum speed of the operaung 
equipment. 


The maximum converter "OUT" oil temperature is 
250°F. 


If it should become necessary to check for locked 


6. OPERATING TOO LONG IN 
AN INEFFICIENT 
CONVERTER RANGE 


7. ONE OR BOTH STATORS 
LOCKED 


8. STATORS INTERCHANGED 
OR STATOR INSTALLED 
BACKWARD 


9. STATOR(S) INSTALLED 
WITHOUT ROLLERS OR 
SPRINGS 





stator(s) by observing the temperature drop rate, 
increase the converter "OUT" temperature to 230°F. 
by stalling the converter output shaft at full throttle. 
Release the converter output shaft and immediately 
check the rate of temperature drop with no load on the 
converter and a maximum input rpm. The temperature 
should start to drop after 15 seconds. 


A slow temperature drop rate may indicate locked 
stator(s). A rapid temperature drop rate indicates a 
normal stator operation. 


8. Check for lack of power at converter stall. Refer to 
Chart 1. 


Disassemble the converter and check the stators (refer 
to the specific Torqmatic Converter Service Manual). 


9. Disassemble the converter and install the missing 
parts (see Item 4 in Charts 4 and 5). 





_———_.—————-——-—-—————_—.———————_———————є—...—— —————-——--——є— ——_ 
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HIGH ENGINE SPEED AT CONVERTER STALL 


Probable Causes 


1. LOW OIL SUPPLY 3. HIGH OIL TEMPERATURE 


2. LOW CONVERTER 4. STATOR(S) INSTALLED 
CHARGING PRESSURE WITHOUT ROLLERS (SERIES 


200-300 CONVERTERS) 





SUGGESTED REMEDY 





1. Add oil. Refer to the Lubrication and Preventive 3. Refer to Chart 3. 
Maintenance Chart in Section. 15.1. 
4. Disassemble the converter and install the rollers 
(refer to the specific Torqmauc Converter Service 
2. Refer to Chart 1. Manual). 


LOW ENGINE SPEED AT CONVERTER STALL 


Probable Causes 


1. LOW ENGINE OUTPUT TORQUE 3. STATORS INTERCHANGED OR 
STATOR INSTALLED BACKWARD 


2. CONVERTER ELEMENT 
INTERFERENCE 4. STATORS INSTALLED WITHOUT 
ROLLERS (SERIES 400 THROUGH 
900 CONVERTERS) 








SUGGESTED REMEDY 


l. Tune the engine and check the output. 3. Check for a lack of power at converter stall (see the 
specific Torqmatic Converter Service Manual). 
| .. Disassemble the converter and check the stators. 
2. Check for noise at stall. Overhaul the converter if 
necessary. 4. Disassemble the converter and install the rollers. 
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LOSS OF POWER 


Probable Causes 


1. STATORS INTERCHANGED 4. LOW CONVERTER CHARGING 
(SERIES 300 THROUGH 900) PRESSURE 


2. STATOR INSTALLED 5. LOW ENGINE SPEED, AT 
BACKWARD (SERIES 200) CONVERTER STALL 


Chart 6 





3. STATOR(S) INSTALLED WITHOUT 
ROLLERS (HIGH STALL SPEED, SERIES 
200; LOW STALL SPEED, SERIES 300 

THROUGH 900) 










SUGGESTED REMEDY 





1. Check for a lack of power at stall (see the specific Disassemble the converter and check the stator. 
Torqmatic Converter Service Manual). 
3. Disassemble the converter and install the rollers. 





Disassemble the converter and check the Stators. 4. Refer to Chart 1. 
2. Check for a lack of power at stall. 5. Refer to Chart 5. 
Chart 7 


LOW LOCK-UP CLUTCH PRESSURE 


Probable Causes 


1. FAULTY LOCK-UP CLUTCH 3. FAILED OR WORN SEAL RINGS 
LINKAGE ADJUSTMENT 


4. STOPPAGE IN PASSAGE FROM OIL 
2. LOCK-UP CLUTCH SELECTOR PUMP TO LOCK-UP PISTON 
VALVE NOT WORKING PROPERLY 


SUGGESTED REMEDY 








1. Adjust the linkage. 3. Disassemble the converter. Replace the failed or 
worn seal rings. 


2. Remove the charging oil pump cover and check the 4. Disassemble the converter and clean the passage. 
clutch selector valve. Inspect the converter for dirt. 
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SPECIFICATIONS 


STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


THREAD TORQUE THREAD TORQUE 


SIZE (Ib-ft) SIZE (Ib-ft) 
А20 а Ьа d 7-9 O/10-12^ раа T 90-100 
Id Ea B ous cedet pb x 8-10 9716718" - i oue o tet ete 107-117 
BION => esso sme entere atte oe o 13-17 ОИВТ Suse ben tete n 137-147 
5/16:24. Lu se m eR qup UE 15-19 B/8: «IB. ышан ырк и ЫЫЫ e eds 168-178 
S/BSSIOR _ ымны ав 30-35 SUA UO! Auli aes D DUC eredi dem 240-250 
ЗВАО E Ee 35-39 IIA NO? fases eri А 290-300 
УЛЛЫ ТА c senes eee 46-50 "P EH 410-420 
16:207. dtes p ei meter ter etes 57-61 248 Is des Let oe oe perte А 475.485 
Оа qum дыш E КАЛЫ ни 71-75 T. 3:18:35 quiso ues en NOI En 580-590 
1427«20"- oisi tear b e deitate aes 83-93 ELI лун йоны бл АЙЫ Ау: 685-695 


EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


APPLICATION THREAD TORQUE 

SIZE (Ib-ft) 

FIYWHEEL DOIS RETR————-—-«—A-—-——————————————E 1/2 -20 110-220 

Crankshaft end bolt (in-line and 6V engines) ccn 3/4 .16 200-220 
Crankshaft end bolt (in-line engines with cone mounted pulleys not 

stamped with letter (A) sss Ren 3/4 -16 290-310 

Crankshaft end bolt (8V engines) |... 1 -l4 290-310 

Clutch-to-drive shaft nut (8" dia.) cece cette 1-1/8 -12 165-170 

Clutch-to-drive shaft nut (10" dia.) |... ees 1-5/16-12 175-180 


Clutch-to-drive shaft nut (11-1/2" dia) ..................... EORR 1-3/4 .10 225-230 


SERVICE TOOLS 


TOOL NAME TOOL NO. 

Oil seal remover and installer tool set .......................................... ЕЕ: Ј 3154-04 

Slide hammer and puller set _................................ eee J 5901 
Hammer and shaft ....................................................... TR HN J 5901.1 
Flywheel pilot bearing remover adaptor ...................... Po dE J 59012 


Spring tester 
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SECTION 9 


TRANSMISSIONS 
CONTENTS 
Warner Hydraulic Marine Gear... nennt enne нынын ыны нынын... 9.1.3 
Twin. Disc Marine. Gear siciicccicciticcdissescooharsucds cazecdetectasdcowagesvatessyescsucdsedeevdeeWareasecvbetecdeses * 
Trouble Shooting - Specifications - Service Tools... 9.0 


*Note: For service and overhaul procedures covering the Twin Disc 
marine gear, refer to Marine Manual - Twin Disc Model MG506, Form 
20S E29. 
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WARNER HYDRAULIC MARINE GEAR 


Two models of the Warner Marine Gear are used with 
the Series 53 епрїпе-- Model 71 shown іп Fig. | and 
Model 72 shown in Fig. 2. Each model is available in 
direct drive. 1.5:1. 2.1:1. 2.5:1 and 3:1 reduction gear 
ratios. Since the two models of the marine gear are 
similar. the following general description as well as the 
procedures for removal, disassembly, assembly and 
replacement of parts apply to either model. 


Although many parts are interchangeable between the 
two models. some of the parts are not interchangeable; 
therefore. make sure of the marine gear model before 
ordering replacement parts. The reduction gear ratio, 
model and serial numbers will be found on the name 
plate on the top left-hand side of the reverse gear 
housing. 


The Warner Hydraulic Marine Gear assemblies. 
shown in Figs. | and 2, consist of a hydraulically 
operated multiple disc forward and reverse clutch, а 
2.1:1 ratio reduction gear assembly, an oil pump and 
oil screen. an oll pressure regulator valve and an oil 
sump independent of the engine oil system. On current 
engines, the oil cooler is mounted at the heat 
exchanger. Former engines have the oil cooler engine 
mounted; thus, the marine gear is a self contained 
assembly. 


Oil pressure for the operation of the marine gear is 
provided by а crescent type oil pump which is attached 
to the forward face of the gear housing adaptor and 
keyed to the drive gear (input) shaft. The oil pump is 
driven continuously while the engine is running. The 
oil is delivered under pressure from the pump to the 
selector (control) valve and to the pressure regulator 
valve inside of the selector valve. 


The pressure regulator valve maintains constant 
pressure over а wide speed range. and the selector 
(control) valve directs the oil under pressure to either 
the forward or reverse clutch piston cavity, the 
lubricating circuit and the oil cooler. The operating oil 
pressure range fòt the marine gear at operating speed 
is 120 to 160 psi. and the maximum operaung oil 
temperatures for the various marine gears are shown 
in the following chart. 


MAXIMUM OIL TEMPERATURES 








Es ie Forward Reverse 
1:1 200°F 
15:1 2159F 
2:1 225°F 
2.5: 2159F 
3:1 215°F 








All of the marine gear oil does not flow through the 
marine gear oil cooler. Only the oil that flows by the 
pressure regulator valve, when the oil pressure moves 
the valve off its seat, flows through the oil cooler and is 
cooled by the engine water flowing around the oil 
cooler core. 


A breather assembly is mounted in the top of the 
marine gear housing directly above the selector 
(control) valve for venting the marine gear. 


Figures 1, 4 and 5 illustrate the reduction gear 
assemblies used on the 1.5:1, 2.1:1 and 2.5:1 reverse 
and reduction gear assemblies. 


The reduction gear assembly consists of a planetary 
gear set which reduces the revolutions put into the unit 
by a predetermined ratio and is always engaged. The 
direction of rotation of the drive shaft of the reduction 
gear assembly is the same as the engine rotation in 
forward drive. Lubrication of the reduction gear 
assembly 15 supplied by the marine gear oil pump. 


Operation 


FORWARD DRIVE 


When the selector valve lever is moved to the forward 
position (lever should cover the letter “Е” on the 
housing), the selector (control) valve directs the oil 
under pressure from the oil pump down through the 
oil passage in the gear housing and reduction gear 
input shaft. then through the drilled passages in the 
drive gear shaft and through the three drilled passages 
in the inner diameter of the forward clutch cylinder. 
and then to the cavity back of the forward clutch 
piston. The resulting movement of the forward clutch 
piston and the lever action of the clutch spring forces 
the multiple discs of the forward clutch together and. 
with the aid of the forward clutch hub, locks the input 
shaft to the ring gear. This in turn prevents rotation of 
the planetary pinions about their axis and thus locks 
the input shaft, ring gear and reduction gear input 
shaft together. causing them to rotate as a solid 
concentric coupling. In this way, input shaft speed and 
direction of rotation are transmitted directly to the 
reduction gear drive shaft. 


NOTE: The position of the selector valve lever 
on the reverse gear when in forward should be 
shifted to the point where it covers the letter 
"F" on the gear housing and is located in its 
proper position by the poppet ball. Do not 
remove the selector valve lever poppet spring 
and/or ball nor change the lever in any 
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Fig. 1 - Warner Marine Gear Assembly (2.1:1 Ratio Model 71C Shown) 


1. Housing- Reverse Gear 43. Spring--Pressure Plate 
3. Baftle--Gear Housing Oil Release 
13. Vaive--Selector Control 44. Pin- Reverse Clutch 
26. Pump Assy.--Reverse Stationary Plate Dowel 
Gear Oil 45. Shaft Assy.--Drive Gear 
27. Gasket--Oil Pump to Input 
Adaptor 46. Hub--Forward Clutch 
29. Oil Seal--Oil Pump 47. Woodruff Key--Forward 
31. Woodruff Key--Oil Pump Clutch Hub 
Drive 50. Ring Gear--Forward 
32. Adaptor--Reverse Gear Clutch Planetary 
Housing 51. Plate--Forward Clutch 
35. Bearing--Gear Housing Pressure (Rear) 
Adaptor Roller 52. Plate--Forward Clutch 
37. Piston--Reverse Clutch Inner (Copper Faced) 
40. Plate--Reverse Clutch 53. Plate--Forward Clutch (Steel) 
Pressure 54. Plate--Forward Clutch 
41. Plate- Reverse Clutch (Inner) Pressure (Front) 


42. Plate- Reverse Clutch 56. Spring--Forward Clutch 
Stationary (Steel) Release 


57. Cylinder--Forward Clutch 74. Shaft Assy.- Reduction 
Piston Gear Drive 
58. Piston--Forward Clutch 


63. Bearing--Drive Gear 
Input Shaft Ball 


66. Thrust Washer-.Forward 
Clutch Cylinder 


75. Ring Gear- Reduction 
Gear Planetary 


77. Gear Assy.- Reduction 
Gear Planetary 


78. Retainer--Drive Shaft 


67. Shaft Assy.--Planetary Bearing 
G d Reducti 
FA н on E 80. Oil Seal--Bearing 
Gear Input 
Retainer 


68. Thrust Washer- 
-Reduction Gear Input 
Shaft 82. Nut--Drive Flange 

69. Thrust Washer- 
-Reduction Gear 
Planetary Gear 


81. Drive Flange 


85. Adaptor--Reduction Gear 
86. Sun Gear--Reduction 


71. Housing--Reduction Gear Gear 
73. Bearing Assy.--Drive 94. Thrust Washer- 
Shaft Planetary Gear 





manner. Also do not reposition the linkage 
between the remote control and gear selector 
valve lever so that it does not have sufficient 
travel in both direction. 


NEUTRAL 


When the selector valve lever is moved to the neutral 
position, the selector (control) valve blocks off the flow 
of pressurized oil to the forward and reverse clutches 
and a portion of the oil flows into the gear housing for 
lubrication and a portion of the oil is by-passed 
through the oil cooler and back to the gear housing oil 
sump. The forward and reverse clutches are also 
vented. by a different portion of the selector valve. 
permitting the oil in the cavity behind the pistons to 
drain in the gear housing oil sump. The forward and 
reverse clutch release springs force the pistons back to 
their respective positions, thereby permitting complete 
disengagement of the forward and reverse clutches. 


REVERSE DRIVE 


When the selector valve lever is moved to the reverse 
position, the selector (control) valve directs oil under 
pressure from the oil pump through an oil passage in 
the top portion of the gear housing to the oil passage 
in the top of the gear housing adaptor. then to the 
cavity back of the reverse clutch piston. The resulting 
movement of the reverse clutch pressure plate locks 
the reverse clutch plates to the reverse gear housing. 
The stauonary reverse clutch (steel) plate which is 
doweled to the gear housing and the two reverse clutch 
plates which are splined to the ring gear. prevent 
rotation of the ring gear. With the ring gear held 
stationary and the drive (sun) gear rotating at input 


speed. the pinions of the compound planetary gear 
assembly are rotated about their own axis and reverse 
the direction of rotation of the pinion carrier and 
reduction gear drive shaft. 


CAUTION: Shift from forward to reverse drive 
through neutral at engine speeds below 1000 
rpm to prevent damage to the engine. marine 
gear or reduction gear drive shaft. 


It is recommended that vessels uülizing a marine gear 
have a suitable locking device or brake to prevent 
rotation of the propeller shaft when the vessel is not 
under direct propulsion. If the marine gear is not in 
operation and the forward motion of the vessel causes 
the propeller shaft to rotate. lubricating oil will not be 
circulated through the gear because the oil pump is 
not in operation. Overheating and damage to the 
marine gear may result unless rotation of the propeller 
shaft is prevented. 


Lubrication 


The reverse and reduction gear assembly 1s lubricated 
by pressure and splash. The main oil gallery 15 open to 
oil pump pressure whenever the engine is running and 
all of the moving parts are lubricated through drilled 
passages in the contro] valve. gear housing. drive gear 
(input) shaft. reduction gear input shaft. reduction 
gear drive shaft and reduction gear adaptor. 
Lubricating oil is transferred from the reduction gear 
housing to the reverse gear housing by gravity and jet 
flow through the drilled passage at the lower inside 
face of the reduction gear housing. 


Check the oil level in the marine gear daily and add 
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Fig. 2 - Warner Marine Gear Assembly (2.1:1 Ratio Model 72C Shown) 


1. Housing--Reverse Gear 42. Plate--Reverse Clutch 
3. Baffle--Gear Housing Oil Stationary (Steel) 
13. Valve--Selector Control 43. Spring--Pressure Plate 
26. Pump Assy.--Reverse Release 
Gear Oil 44. Pin--Reverse Clutch 
27. Gasket--Oil Pump to Stationary Plate Dowel 
Adaptor 45. Shaft Assy.--Drive Gear 


29. Oil Seal--Oil Pump 
31. Woodruff Key-.Oil Pump 46. 


Input 
Hub--Forward Clutch 


Drive 47. Woodruff Key--Forward 
32. Adaptor--Reverse Gear Clutch Hub 
Housing 50. Ring Gear--Forward 
35. Bearing--Gear Housing Clutch Planetary 
Adaptor Roller 51. Plate--Forward Clutch 
37. Piston--Reverse Clutch Pressure (Rear) 
40. Plate--Reverse Clutch 52. Plate--Forward Clutch 
Pressure Inner (Copper Faced) 
41. Plate--Reverse Clutch 53. Plate--Forward Clutch 
(Inner) (Steel) 


54. 
56. 
57. 
58. 
63. 
66. 


67. 


68. 


69. 


70. 


Plate--Forward Clutch Selective (Snap Ring) 


Pressure (Front) 71. Housing--Reduction Gear 
Spring--Forward Clutch 73. Bearing Assy.--Drive Shaft 
Release 74. Shaft Assy.--Reduction 
Cylinder--Forward Clutch Gear Drive 
Piston--Forward Clutch 75. Ring Gear--Reduction 
Bearing--Drive Gear Gear Planetary 

input Shaft Ball 77. Gear Assy.--Reduction 
Thrust Washer--Forward Gear Planetary 

Clutch Cylinder 78. Retainer- Drive Shaft 
Shaft Assy.--Planetary Bearing 

Gear and Reduction 80. Oil Seal--Bearing 

Gear Input Retainer 

Thrust Washer- 81. Drive Flange 

-Reduction Gear Input Shaft 82. Nut--Drive Flange 

Thrust Washer- 85. Adaptor--Reduction Gear 
-Reduction Gear 86. Sun Gear--Reduction Gear 
Planetary Gear 94. Thrust Washer- 


Spacer--Forward Clutch -Planetary Gear 





oil as required to bring it up to the FULL mark on the 
dipstick. 


NOTE: A new “Threaded Type” oil level 
dipstick assembly has replaced the former 
"Filler Cap Type" dipsuck assembly used in the 
marine gears. To check the oil level in marine 
gears equipped with the current "Threaded 
Type" oil level dipstick, place the dipstick in the 
housing so the bottom of the threaded plug 
contacts the housing. Then remove the dipstick 
and check the oil level. The dipstick must be 
threaded into the housing after the oil leve] has 
been checked to prevent oil leakage during 
operation of the marine gear. 


Change the marine gear oil every 200 hours of 
operation. 


Drain the oil from the current marine gears, except 
the current 2.1:] marine gears. by disconnecting the oil 
tube from the elbow at the lower right-hand side of 
the reverse gear housing. then remove the reducing 
bushing, oil return tube, nipple and elbow assembly 
from the housing. After draining the oil, remove the 
oil strainer assembly from the housing, rinse it 
thoroughly in clean fuel oil. dry it with compressed 
air. then reinstall the oil strainer assembly and the 
reducing bushing, oil return tube, nipple and elbow 
assembly in the housing and connect the oil tube to 
the elbow. 


Drain the oil from the former marine gears and the 
current 2.1:1 marine gears by removing the oil strainer 
retaining plug at the lower right-hand side of the 
reverse gear housing. After draining the oil, remove 
the oil strainer assembly (oil deflector in current 2.1:1 
marine gears) from the housing, rinse it thoroughly in 
clean fuel oil. dry it with compressed air, then reinstall 





the oil strainer assembly or oil deflector and the oil 
strainer retaining plug in the housing. 


Refill the marine gear to the proper oil level on the 
dipstick (approximately 1-1/2 quarts in direct drive 
gears and 3 quarts in reverse and reduction gears) with 
the same heavy-duty lubricating oil that is used in the 
engine. 


Start and run the engine and marine gear unit at idle 
speed for a few minutes to fill the lubrication system. 
Stop the engine, then immediately check the oil level 
in the marine gear. Bring the oil level up to the FULL 
mark on the dipsuck. Do not overfill. 


Remove Reverse Gear from Engine 


If reconditioning of the reverse gear assembly 
becomes necessary, the reverse gear and reduction 
gear assembly must be removed from the engine. 


LEVER 
DETENT 
BALL 


LEVER 
DETENT 
SPRING 


PRESSURE 
REGULATOR <a, 
VALVE ) 


BREATHER 


OIL FILLER 
PLUG AND 
ES 


GEAR 
HOUSING 


SELECTOR 


SPRING VALVE RING 2838 


Fig. 3 - Marine Gear Control Valve Assembly 
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. Housing. Reverse Gear 
. Bushing Reverse Gear 
Housing 


. Drive Flange 

. Nut--Drive Flange 

. Snap Ring--Planetary 
. Shaft Assy.--Planetary Gear 


Gear and Reduction 
Gear Input 


. Plug- Reduction Gear 
Housing Expansion 

. Housing- Reduction Gear . Adaptor--Reduction Gear 

. Bearing Assy. Drive . Sun Gear- Reduction 
Shaft Gear 

. Shaft-Reduction Gear Drive . Bolt--Adaptor Nylock 

. Ring Gear- Reduction . Gear- Reduction Gear 
Gear Planetary Input 

. Snap Ring- Planetary . Bearing- Reduction Gear 
Ring Gear Input Gear 

. Gear Assy. Reduction . Snap Ring--Input Gear 
Gear Planetary Bearing 

. Retainer -Drive Shaft . Pin--Reduction Gear Sun 
Bearing Gear Dowel 

. Ои Seal--Bearing . Ріп--Ѕип Gear Dowel 
Retainer Pin Roll 





Fig. 4 - Reduction Gear Assembly (1.5:1 Ratio) 


However. if reconditioning of only the reduction gear 
assembly is desired. the reduction gear assembly may 
be removed as a unit from the reverse gear assembly. 


If space limitations do not allow the reverse and 
reduction gear to be lifted clear as an assembly. the 
reduction gear only may be removed first. then remove 
the reverse gear; however, if space permits, remove 
the reverse and reduction gear as an assembly. 


The procedure for removal of the former marine gear 
is essentially the same for the current marine gear. 
Exceptions in the procedure for the current marine 
gears will be indicated. With the engine suitably 
supported. refer to Figs. 7 and 8 and remove the 
reverse and reduction gear assembly as follows: 


1. Disconnect the oil tube from the elbow at the lower 


right-hand side of the reverse gear housing, then 
remove the reducing bushing. oil return tube, nipple 
and elbow assembly from the housing. After draining 
the oil, reinstall the reducing bushing. oil return tube. 
nipple and elbow assembly in the housing. 


On the former marine gears and the current 2.1:1 
marine gear. remove the oil strainer retaining plug at 
the lower right-hand side of the reverse gear housing. 
After draining the oil reinstall the plug in the 
housing. 


2. Disconnect the reverse gear oil cooler supply tube at 
the top of the reverse gear housing. 


3. On the former marine gears. disconnect the reverse 
gear oil cooler return tube at the lower right-hand side 
of the reduction gear housing or at the top of the 
reduction gear housing on current 2.1:1 marine gears. 


4. Remove the two rear engine supports that are 
secured to the sides of the reverse gear housing. 





. Housing--Reverse Gear 80. Ой Seal--Bearing 

. Bushing--Reverse Gear Retainer 
Housing 81. Drive Flange 

. Shaft Assy.--Planetary 82. Nut--Drive Flange 
Gear and Reduction 85. Adaptor--Reduction Gear 
Gear Input 86. Sun Gear--Reduction Gear 

. Housing--Reduction Gear 88. Bolt--Adaptor Nylock 

. Bearing Assy.--Drive 90. Bearing--Reduction Gear 
Shaft Input Shaft 

. Ring Gear--Reduction 91. Snap Ring- Bearing 
Gear Planetary 95. Snap Ring-Sun Gear 

. Snap Ring--Planetary 96. Shaft Assy.--Planetary 
Ring Gear Gear and Drive 

. Retainer--Drive Shaft 97. Plate--Reduction Gear 
Bearing Ring Gear 





Fig. 5 - Reduction Gear Assembly (2.5:1 Ratio) 
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Fig. 6 - Marine Gear Oil Flow Diagram 


5. Install a 7/16" -14 eyebolt in the top bolt hole at 
each side of the reverse gear housing (Fig. 9). 


6. Support the reverse and reduction gear assembly 
with a rope sling and chain hoist as shown in Fig. 9. 


7. Remove the six 7/16" -14 x 3-1/4" bolts and lock 
washers securing the reverse gear housing to the 
flywheel housing adaptor. then pull the reverse and 
reduction gear assembly away from the adaptor. 


Disassemble Reverse and Reduction Gear 


After removal from the engine. the reverse and 
reduction gear assembly may be divided into two sub- 
assemblies listed below to simplify the disassembly 
procedure. 


Reverse Gear Assembly 


Reduction Gear Assembly 


Disassembly need be carried out only as far as is 
required to correct those difficulues which interfere 
with proper marine gear operation. 


If. at any ume. it becomes necessary to remove or 
recondition the reverse gear oil pump, reverse clutch 
assembly or forward clutch and ring gear assembly on 
any of the reverse gear assemblies, they may be 
removed from and reinstalled in the reverse gear 
housing without disturbing the drive flange on the 
direct drive unit or without removing the reduction 
gear assembly and adaptor from the reverse gear 
housing on reduction gear units. 


On the 1.5:1 and 2.1:1 reverse and reduction gear 
units. the planetarv gear and reduction gear input 
shaft assemblv also may be removed from the reverse 
gear housing without removing the reduction gear 
assembly. 





July. 1971 SEC. 9.1.3 Page 7 


9.1.3 Warner Marine Gear 








OIL PRESSURE 
GAGE TUBE 






FLYWHEEL REVERSE GEAR 
HOUSING ATTACHING 
ADAPTOR BOLTS 


DETROIT DIESEL 53 








OIL TUBE TO 
OIL COOLER 






OIL TUBE FROM 
OIL COOLER 4730 


Fig. 7 - Reverse and Reduction Gear Mounting to Engine (Current) 


On the direct drive reverse gear unit. the drive flange 
must be removed in order to remove the planetary 
gear and output shaft assembly from the reverse gear 
housing. 


On the 2.5:1 and 3:1 reverse and reduction gear units. 
the reduction gear assembly, sun gear and reduction 
gear input shaft bearing snap ring must be removed in 
order to remove the planetary gear and reduction gear 
input shaft assembly from the reverse gear housing. 


The disassembly procedure outlined below covers the 
right-hand and left-hand rotating direct drive. and 
1.511, 2.01. 2.5:1 and 3:1 ratio reduction gears used on 
Model 71 and 72 marine gears. 


To separate the reduction gear assembly from the 
reducuon gear adaptor and reverse gear assembly. 
refer to Figs. 1. 4 and 5 for the various gear ratios 
and location of the parts and proceed as follows: 


1. Support the reverse and reduction gear assembly on 


OIL PRESSURE 
GAGE TUBE 


FLYWHEEL 
HOUSING 


REVERSE GEAR 
ATTACHING 
ADAPTOR BOLTS 





a bench with the top of the assembly facing up and 
the drive flange facing the outside of the bench. 


2. Install two bolts. or bolts and nuts. in two of the bolt 
holes in the drive flange next to each other (Fig. 11). 


3. Place a large spanner wrench over the outside of the 
two bolts with one end hooked over one bolt and the 
other end resting on the bench as shown in Fig. 11; 
then. while holding the reverse and reducton gear 
assembly from moving, attach a wrench to the drive 
flange nut and loosen it. 


4. Remove the two 7/16" -14 bolts and lock washers 
and the six 3/8" -16 bolts and lock washers securing 
the reduction gear assembly to the reduction gear 
adaptor. 


5. Place a 3/4" x 1" x 4" wood block under the 
reverse gear housing next to the flange of the 
reduction gear housing to support the reverse gear 
housing. 


OIL TUBE FROM 
Olt COOLER 


OIL TUBE TO 
OIL COOLER 


Fig. 8 - Reverse and Reduction Gear Mounting to Engine (Former) 
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6. Tap the side of the drive flange with а plastic 
hammer to loosen the reduction gear assembly from 
the reduction gear adaptor. then lift the reduction gear 
assembly awav from the reduction gear adaptor as 
shown in Fig. 12. Remove the gasket from the adaptor 
or the gear housing. 


On a 2.1:} ratio reduction gear. remove the reduction 
gear planetary gear assembly (77) and the two 
planetary gear thrust washers (94). Fig. 1. from the 
sun gear and the reduction gear input shaft as shown 
in Fig. 13. 


7. Remove the reduction gear adaptor assembly from 
the reverse gear housing on the various reduction 
gears as outlined below. 


On the [.5:1 гапо reduction gear shown in Fig. 4. 
remove adaptor (85), reduction gear input gear (89). 
ring gear (75) and input gear bearing (90) as an 
assembly from the reverse gear housing as follows: 


à. Remove and discard the six 7/16" -14 Nylock bolts 
and lock washers securing the adaptor to the 





reverse gear housing through the two access holes Fig. 9 - Removing Reverse and Reduction Gear 
in the flange of the input gear as shown in Assembly from Engine 
Fig. I4. ; 2 . 
x reduction gear input shaft. Remove the gasket 
b. Tap the forward face of the adaptor lightly with a from the adaptor or the gear housing. 
plastic hammer to loosen the adaptor from the 
reverse housing and the input gear bearing. On the 2.1:1 ratio reduction gear shown in Fig. |. 


remove adaptor (85) and sun gear (86) as an assembly 
4 " р В g У оер; $} 9 ds P /S: 
c. Place two pinch bars diametrically opposite each from the reverse gear housing as follows: 


other. between the adaptor and the rear face ol 


the gear housing as shown in Fig. 15. and pry the a. Remove and discard the six 7/16" -14 Nylock bolts 
input gear bearing out of the gear housing. Then and lock washers securing the adaptor to the 
slide the adaptor assembly straight off of the reverse gear housing. 


REDUCTION SELECTOR BREATHER GEAR HOUSING BOLT SELECTOR OIL FILLER 


GEAR ASSY. VALVE ADAPTOR VALVE AN І 
LOCATION > LEVER Moda 


oN 


DRIVE GEAR 
INPUT SHAFT 


r. 
OIL DRAIN AND OIL | 
DRIVE FLANGE STRAINER LOCATION REVERSE GEAR ASSY. 





Fig. 10 - Three Quarter View of Former Reverse and Reduction Gear Assembly 
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Fig. 11 - Loosening Drive Flange Retaining 


Nut 


b. Tap the forward face of the adaptor lightly with a 
plastic hammer to loosen: the adaptor from the 
reverse gear housing, then slide the adaptor and 
sun gear assembly ‘straight off of the reduction 
gear input shaft as shown in Fig. 16. Remove the 
gasket from the adaptor or the gear housing. 


On the 2.5:1 and 3:1 ratio reduction gears shown in 
Fig. 5. remove the reduction gear adaptor (85). 
planetary ring gear plate (97) and ring gear (75) as an 
assembly from the reverse gear housing as follows: 


a. Remove the reduction gear sun gear snap ring 
from the reduction gear input shaft with a pair of 
snap ring pliers J 5586 as shown in Fig. 17. Then 
shde the sun gear off the end of the shaft. 


NOTE: On a 3:1 ratio reduction gear. the 
reduction gear ring gear plate and adaptor may 
be removed without removing the sun gear 
from the reduction gear input shaft. 





Fig. 12 - 
Gear Assembly from/on Reverse Gear 
Assembly 


Removing or Installing Reduction 





b. Remove and discard the six 7/16" -14 Nylock 
bolts and lock washers securing the adaptor and 
the planetary ring gear plate to the reverse gear 
housing. 


c. Tap the forward face of the adaptor lightly with a 
plastic hammer to loosen the adaptor from the 
reverse gear housing and the reduction gear input 
shaft bearing. then slide the adaptor assembly 
straight off of the reduction gear input shaft as 
shown in Fig. 18. Remove the gasket from the 
adaptor or the gear housing. 


Disassemble Reverse Gear 


With the direct drive reverse gear assembly removed 
from the engine. or the reduction gear assembly and 
reduction gear adaptor assembly removed from the 
reverse gear housing, the reverse gear may be 
disassembled as outlined below 


The disassembly procedure for the direct drive reverse 
gear and the reverse gears used in conjunction with 
the 1.5:1. 2.1:1. 2.5:1 and 3:1 ratio reduction gears are 
similar. Therefore. disassembly will be covered as à 
single procedure and any differences between the 
various assemblies will be noted therein. 


The current 1.5:1 and 2.1:1 reverse and reduction gear 
units use a .061" to .063" thrust washer between the 
forward clutch. piston cylinder and the gear housing 
adaptor to obtain the proper input shaft end play of 
004" to .043" . The former and current direct drive, 
2.5:1 and 3:1 gears also use a .061" to 063" thrust 
washer. 


In the former 1.5:1 and 2.1:1 reverse and reduction 


PLANETARY 
GEAR 


! 


Fig. 13 - Removing or Installing Reduction 
Gear Planetary Gear Assembly from/on Sun 
Gear and Input Shaft (2.1:1 Ratio) 
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gear units, one of two different thickness thrust 
washers was used between the forward clutch piston 
cylinder and the gear housing adaptor to obtain the 
proper input shaft end play of .004" to .043" . They 
are 061" to .063" and .085" to .087" thick. However. 
when servicing the former 1.5:1 and 2.1:1 reverse and 
reduction gear units. use the .061" to .063" thrust 
washer only to obtain the proper input shaft end play 
of .004" to 043". 


The end play of the input shaft should be taken and 
recorded at this time to determine if а new thrust 
washer should be used when reassembling the reverse 
gear unit. 


Refer to Figs. I. 2 and 43 for the location of the 
various parts and disassemble as follows: 


1. Check the drive gear input shaft or reduction gear 
input shaft end play as follows: 


a. Remove one of the selector valve cover bolts at the 
side of the gear housing, then install a 1/4" -20 x 
I-1/2" bolt in the cover bolt hole. or install a 
7/16" -14 x 2" bolt in one of the tapped holes in 
the side of the reverse gear housing. Tighten the 
bolt securely. 


b. Attach a dial indicator to the 1/4" -20 or 7/16" - 
14 bolt with the indicator button contacting the 
end of the drive gear input shaft or the reduction 
gear input shaft as shown in Fig. 19. 


NOTE: On the direct drive unit. the dial 
indicator must contact the forward end of the 


ADAPTOR 


Fig. 14 - Removing Reduction Gear Adaptor to 
Reverse Gear Housing Bolts (1.5:1 Ratio) 
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Fig. 15 - Removing Reduction Gear Input Gear 
and Bearing Assembly from Reverse Gear 
Housing (1.5:1) 


drive gear input shaft. On the reduction gear 
units, the dial indicator may contact the end of 
either the drive gear input shaft or the 
reduction gear input shaft. 


c. Move all of the parts inside of the gear housing 
forward by pulling on the drive gear input shaft. 
Set the dial indicator at zero. move all of the parts 
back by pushing on the drive gear input shaft. 
then read the indicator and record the end play. 


2. Remove the selector valve assembly from the 
reverse gear housing as follows: 


a. Remove the nut. lock washer and flat washer 
securing the selector valve lever to the selector 
valve. then slide the lever off the end of the 
selector valve. Remove the selector valve lever 
detent steel ball and spring from the gear 
housing. 


ADAPTOR 


Fig. 16 - Removing or Installing Reduction 
Gear Adaptor and Sun Gear Assembly from/to 
Reverse Gear Housing (2.1:1 Ratio) 
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opposite side of the gear housing, then pull the 
selector valve straight out of the gear housing. 


3. Remove the pressure regulator valve from the 
selector valve as follows: 


a. Remove the selector valve seal ring from groove in 
ihe small or threaded end of the selector valve. 


b. Place a 1-1/4" inside diameter sleeve approxi- 
mately two inches long over the small or threaded 
end of the selector valve. 


c. Support the selector valve and sleeve on the bed of 
an arbor press with the open end of the selector 





Fig. 17 - Removing or Installing Reduction d. Place a 3/4" diameter x 2" long round steel rod 
Gear Sun Gear Snap Ring from/on Input Shaft on top of the valve spring retainer and under the 
(2.5:1 and 3:1 Ratio) IE ram of an arbor press as shown in Fig. 20. 


CAUTION: Do not lose the steel detent ball 


e. Compress the regulator valve spring just enough to 
when removing the selector lever. 


permit removal of the snap ring. With the spring 
compressed. remove the snap ring from the 
groove inside of the selector valve with a small 


b. Remove the three 1/4" -20 bolts and lock washers ; f T 
screw driver as shown in Fig. 20. 


securing the selector valve cover to the side of the 
reverse gear housing. then remove the cover and 


gasket, f. While supporting the selector valve assembly with 

ў one hand. very carefully release the load on the 
c. Push on the threaded or lever end of the selector pressure regulator valve spring; then remove the 

valve and force the selector valve out of the selector valve and parts from the arbor press. 


ADAPTOR 


CAUTION: The valve spring retainer 15 а very 
close fit in the bore of the selector valve. 
Extreme care must be used when releasing the 
load on the valve spring so as not to allow the 
edge of the retainer to catch in the snap ring 
groove and damage the retainer. 


REDUCTION GEAR 
INPUT SHAFT 





Fig. 18 - Removing or Instailing Reduction 
Gear Adaptor, Planetary Ring Gear Plate and — 
Ring Gear Assembly from/to Reverse Gear Fig. 19 - Checking Reduction Gear Input Shaft 
Housing (2.5:1 and 3:1 Ratios) End Play 
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Remove the pressure regulator valve spring and 
regulator valve from inside the selector valve. 


4. Remove the reducing bushing, oil return tube, 
nipple and elbow assembly on the current marine 
gear, or the oil drain plug on the former marine gear. 
from the lower right-hand side of the reverse gear 
housing, then remove the oil strainer assembly from 
the housing. 


5. Remove the reverse gear oil pump assembly from 
the reverse gear housing adaptor as follows: 


d. 


d. 


Note and record the rotation marks on the 
forward face of the oil pump housing prior to 
removal. For a right-hand rotating input shaft. 
the TOP RH will be facing the top of the gear 
housing adaptor and for a left-hand rotating 
input shaft, the TOP LH will be facing the top of 
the gear housing adaptor (Fig. 86). 


Remove the four 5/16" -18 bolts securing the oil 
pump assembly to the reverse gear housing 
adaptor. 


Pull the oil pump assembly straight forward away 
from the gear housing adaptor and off the 
Woodruff key and input shaft. 


Remove the oil pump gasket from the top of the 
oil pump housing or cover plate. or inside the 
counterbore of the gear housing adaptor. 


Remove the oil pump inner rotor (gear) drive 
(Woodruff) kev from the drive gear input shaft. 


6. Dissassemble the reverse gear oil pump assembly as 
follows: 


SELECTOR 
VALVE 





Fig. 20 - Removing Snap Ring from Selector 
Valve 





MATCHMARKS 





Fig. 21 - Location of Matchmarks on Inner 
and Outer Oil Pump Rotors (Gears) 


a. On the former oil pump. remove the two flat head 


No. 10-24 screws securing the oil pump cover 
plate to the oil pump housing, then lift the oil 
pump cover plate straight out of the oil pump 
housing. 


Matchmark the teeth of the inner and outer rotors 
(gears) where they mesh as shown in Fig. 21 so 
they may be reassembled in the same position. 


Lift the inner and outer rotors (gears) straight up 
out of the oil pump housing. 


. To remove the oil seal in the oil pump housing. 


ADAPTOR 





Fig. 22 - Removing Reverse Clutch Piston 
from Gear Housing Adaptor 
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ODD SHAPED PRESSURE PLATE 


LUG „5 » RELEASE SPRINGS 


REVERSE CLUTCH REVERSE CLUTCH 
“OUTER PLATE PLATE 


Fig. 23 - Location of Reverse Clutch Release 
Springs, Clutch Plates and Dowel Pins 


support the oil pump housing on the bed of an 
arbor press with the oil seal over the opening in 
the bed of the press and the forward face of the 
housing down. 


NOTE: Due to the various positions the oil seal 
has been installed in the reverse gear oil pump 
housing (Fig. 82), it is recommended that the 
position of the oil seal in the housing be noted 
and recorded before removal so that the new oil 
seal may be reinstalled in the same position. 


e. Place a 1-7/8" x 3" round steel bar on top of the 
oil seal and under the ram of the press. Then 
press the oil seal out of the oil pump housing. 
Discard the oil seal. 


7. On a direct drive reverse gear unit. stand the reverse 
gear assembly in a vertical position with the rear face 
of the drive flange resting on a bench. 


On all other reverse gear assemblies. stand the reverse 
gear assembly in а vertical position with the rear face 
of the gear housing resung on wood blocks high 
enough to prevent the outer end of the reduction gear 
input shaft from resting on the bench. 


8. Remove the four 3/8" -16 bolts securing the reverse 
gear housing adaptor to the gear housing. then lift the 
adaptor straight off of the drive gear input shaft. 
Remove the gasket from the adaptor or the gear 
housing. 


On some early marine gear units. five 3/8" -16 bolts 
were used to secure the adaptor to the gear housing. 


9. Remove the reverse clutch piston and roller (needle) 


bearing from the reverse gear housing adaptor as 
follows: 


Page 14 





DETROIT DIESEL 53 





a. Place the gear housing adaptor on a bench with 
the reverse clutch piston side facing up. 


b. Place the nozzle of ап air hose in the small oil 
hole at the top of the adaptor. then apply light air 
pressure behind the reverse clutch piston and 
force the piston up out of the adaptor as shown in 
Fig. 22. 


c. Remove the reverse clutch piston seal rings from 
the piston and the hub of the adaptor. 


d. If the roller (needle) bearing is to be replaced. 
support the gear housing adaptor on the bed of 
an arbor press with the bearing over the opening 
in the bed of the press. 


e. Place a 1-5/8" x 3" round steel bar on top of the 
roller bearing and under the ram of the press. 
Then press the bearing out of the gear housing 
adaptor. Catch the bearing by hand to prevent the 
bearing from falling on-the floor. 


10. Remove the thrust washer from the hub of the 
forward clutch piston cylinder. 


11. Lift the reverse clutch pressure plate straight off of 
the clutch pressure plate release springs. 


12. Refer to Fig. 23 for their location and remove the 
reverse clutch pressure plate release springs. reverse 





Fig. 24 - Removing Drive Gear input Shaft. 
Forward Clutch and Ring Gear Assembly from 
Reverse Gear Housing 
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clutch plates and dowel pins out of the reverse clutch 
cavity in the reverse gear housing. 


13. Lift the drive gear input shaft. forward clutch and 
ring gear as an assembly straight out of the reverse 
gear housing as shown in Fig. 24. 


14. Remove the reduction gear input shaft planetary 
gear thrust washer from the non-splined end of the 
drive gear input shaft. or from inside the reduction 
gear input shaft planetary gear. 


15. 


Remove the drive gear input shaft and forward 


clutch hub assembly from the forward clutch and ring 
gear assembly as follows: 


à. Place the drive gear input shaft. forward clutch 


and ring gear assembly on a wood block 3" thick 
and 6" square with a I" hole in the center as 
shown in Fig. 25. 

` 


. Remove the drive gear input shaft bearing snap 


ring from the groove in the shaft next to the 
bearing inner race with a pair of snap ring pliers 
J 5886 as shown in Fig. 25. 


. Place the drive gear input shaft. forward clutch 


and ring gear assemblv on two steel supports on 
the bed of an arbor press with the non-splined 
end of the shaft over the opening in the bed of 
the press as shown in Fig. 26. 


Press the drive gear input shaft and clutch hub 
assembly straight out of the bearing and forward 
clutch. Catch the drive gear input shaft assembly 


DRIVE GEAR 
INPUT SHAFTS 


SNAP RING 





Fig. 25 - Removing or Installing Snap Ring 
from/on Drive Gear Input Shaft 





16. 


DRIVE GEAR 
INPUT SHAFT 


FORWARD CLUTCH 
AND RING GEAR 


MEE |. 


Fig. 26 - Removing Drive Gear Input Shaft 
from Bearing and Forward Clutch and Ring 
Gear Assembly 


by hand to prevent the shaft assembly from 
falling and being damaged. 


Remove the forward clutch piston assembly and 


the forward clutch plates from the ring gear as 
follows: 


d. 


b. 


Remove the snap ring inside the ring gear that 
retains the forward clutch piston and cylinder 
assembly in the ring gear. 


Lift the forward clutch and 


straight out of the ring gear. 


piston cylinder 


If necessary, place the forward clutch and ring 
gear assembly on two steel supports on the bed of 
an arbor press as shown in Fig. 27. Space the 
supports far enough apart to permit the forward 
clutch piston cylinder to pass through between the 
supports. 


Place a 2-1/2" outside diameter round steel bar 
on top of the forward clutch piston cylinder and 
under the ram of the press. Then press the 
forward clutch piston and cylinder assembly 
straight out of the ring gear as shown in Fig. 27. 
Catch the forward clutch piston and cylinder 
assembly by hand to prevent it from falling and 
being damaged. 


c. Place the ring gear with the forward clutch plates 


on a bench with the forward clutch piston cylinder 
end of the ring gear facing up. 


ААА 
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Fig. 27 - Removing Forward Clutch Piston and 
Cylinder Assembly from Ring^Géar 


d. Remove the snap ring (spacer) inside the ring gear 
next to the front clutch pressure plate from the 
ring gear. 


e. Lift all of the forward clutch plates and pressure 
plates straight out of the ring gear. 


f. On the Model 72 reverse gears. remove the rear 
clutch pressure plate spacer (snap ring) from the 
shoulder inside of the ring gear. 


17. Remove the forward clutch piston and the drive 
gear input shaft bearing from the forward clutch 
piston cylinder as follows: 


a. Place the forward clutch piston and. cylinder 
assembly on a bench with the piston side of the 
assembly facing up. 


CYLINDER 


Fig. 28 - Removing Forward Clutch Piston 
from Forward Clutch Piston Cylinder 
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b. Remove the forward clutch spring support ring 
from the groove in the top of the forward clutch 
piston. 


c. Place the nozzle of an air hose in one of the three 
oil holes in the inside diameter of the forward 
clutch piston cylinder. Then. while covering the 
two remaining oil holes as shown in Fig. 28. 
apply light air pressure behind the piston and 
force the piston up out of the cylinder. 


d. Remove the forward clutch piston seal rings from 
the piston and the hub of the forward clutch 
piston cylinder. 


e. Turn the forward clutch piston cylinder over and 
remove the snap ring from the groove inside the 
hub of the cylinder next to the bearing outer race. 


f. Pull the drive gear input shaft bearing straight out 
of the forward clutch piston cylinder. 


If necessary, use a hard wood block and hammer 
and tap the bearing straight out of the cylinder. 


18. Remove the forward clutch hub from the drive 
gear input shaft as follows: 


a. Place the non-splined end of the drive gear input 
shaft and forward clutch hub assembly in the 1" 
hole in the 3" x 6" wood block as shown in 
Fig. 29. 


DRIVE GEAR 
INPUT SHAFT 





Fig. 29 - Removing Drive Gear Input Shaft 
Seal Rings from Shaft 
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d. 


[en 


19. 


Unhook the ends of the drive gear input shaft seal 
rings. Then remove the seal rings from the 
grooves in the shaft with a pair of snap ring pliers 
as shown in Fig. 29. 


CAUTION: To avoid breaking the seal rings. do 
not spread them any more than necessary to 
slip them over the shaft. 


Remove the forward clutch hub snap ring from the 
grooves in the drive gear input shaft with a pair 
of snap ring pliers Ј 5586 as shown in Fig. 30. 


Support the drive gear input shaft and forward 
clutch hub assembly on the bed of an arbor press 
with the rear face of the clutch hub resting on the 
bed of the press as shown in Fig. 3l. 


Then press the drive gear input shaft straight out 
of the forward clutch hub as shown in Fig. 3l. 
Catch the drive gear input shaft by hand to 
prevent it from falling and being damaged when 
pressed from the hub. 


If necessary. remove the forward clutch hub 


Woodruff key from the kevwav in the drive gear 
input shaft. 


On the direct drive units. remove the planetary 


gear and drive (output) shaft assembly from the 
reverse gear housing as follows: 


DRIVE GEAR 
INPUT SHAFT 


FORWARD 
CLUTCH 
HUB 





Fig. 30 - Removing or Replacing Forward 
Clutch Hub Snap Ring 
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DRIVE GEAR 
INPUT SHAFT 


FORWARD 
CLUTCH 
HUB 


- Removing Forward Clutch Hub from 
Drive Gear Input Shaft 


Fig. 31 


. If not previously performed. perform Steps 1. 2 


and 3 under Disassemble Reverse and Reduction 
Gear. 


Remove the drive flange nut. then pull the drive 
flange off the end of the drive (output) shaft. 


If necessary. attach a bar type puller to the drive 
flange and pull the drive flange off the drive 
shaft. 


Remove the six 7/16" -14 bolts and lock washers 
securing the drive shaft bearing retainer to the 
reverse gear housing. 


. Tap the sides of the bearing retainer lightly with a 


plastic hammer to loosen it. then lift the bearing 
retainer suaight off the bearing. Remove the 
bearing retainer gasket. 


Place a couple of clean folded shop towels on the 
bed of an arbor press to protect the forward face 
of the planetary gear and drive shaft assembly 
from being damaged when pressed from the drive 
shaft bearing. 


. Place the reverse gear housing over the top of the 


shop towels with the forward face of the gear 
housing resting on the bed of the press and the 
outer end of the drive shaft under the ram of 
press in the same manner as shown in Fig. 33. 


Then press the planetary gear and drive. shaft 
assembly out of the bearing. 


Remove the reverse gear housing and the 
planetary gear and drive shaft assemblv from the 
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SHAFT 
BEARING 


< REDUCTION GEAR - 
INPUT SHAFT 


Fig. 32 - Removing or Installing Reduction 
Gear Input Shaft Bearing Snap Ring (2.5:1 
and 3:1 Ratios) 


arbor press. Do not drop the planetary gear and 
drive shaft assembly or injury to personnel or 
damage to the planetary gear and drive shaft 
assembly may result. 


i. Lift the drive shaft bearing straight out of the 
reverse gear housing. 


If necessary. use a hard wood block and hammer 
and tap the bearing out of the reverse gear 
housing. 


REDUCTION GEAR 
INPUT SHAFT 


INPUT SHAFT 
BEARING 





Fig. 33 - Removing Reduction Gear Planetary 
Gear and Input Shaft Assembly from Input 
Shaft Bearing (2.5:1 and 3:1 Ratios) 








j. Refer to Step 9 under Disassemble Reduction Gear 
for removal of the oil seal from the drive (output) 
shaft bearing retainer. 


20. On the 1.5:1 and 2.1:1 reverse and reduction gear 
units, lift the planetary gear and reduction gear input 
shaft assembly straight out of the reverse gear 
housing, then remove the thrust washer from the rear 
face of the planetarv gear cage or from the boss inside 
of the reverse gear housing. 


21. On the 2.5:1 and 3:1 reverse and reduction gear 
units, remove the planetary gear and reduction gear 
input shaft assembly from the reverse gear housing as 
follows: 


a. Remove the snap ring from the groove in the 
reduction gear input shaft next to the bearing 
inner race with a pair of snap ring pliers ) 5586 
as shown in Fig. 32. 


b. Place a couple of clean folded shop towels on the 
bed of ап arbor press to protect the forward face 
of the planetary gear and reduction gear input 
shaft assembly from being damaged when pressed 
from the input shaft bearing. 


c. Place the reverse gear housing over the top of the 
shop towels with the forward face of the gear 





Fig. 34 - Removing Drive Shaft Bushings from 
Gear Housing 
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housing resting on the bed of the press and the 
outer end of the input shaft under the ram of the 
press. 


d. Then press the planetary gear and input shaft 
assembly out of the bearing as shown in Fig. 33. 


e. Remove the reverse gear housing and the 
planetary gear and input shaft assembly from the 
arbor press. Do not drop the planetary gear and 
input shaft assembly or injury to personnel or 
damage to the planetary gear and input shaft 
assembly may result. 


f. Lift the reduction gear input shaft bearing straight 
out of the reverse gear housing. 


If necessary. use a hard wood block and hammer 
and tap the bearing out of the reverse gear 
housing. 


22. Remove the oil baffle from the reverse gear 
housing as follows: 


a. On a current direct drive gear unit. press down on 
the center of the oil baffle and pry the ends of the 
baffle off the cast bosses at each side of the gear 
housing with a screw driver; then. remove the oil 
baffle from the housing. 


b. On a former direct drive and all reverse and 
reduction gear units. pull forward on the curved 
end of the oil baffle inside the reverse gear 
housing unul the holes in the curved end of the 
oil baffle are off of the spherical bosses. then push 
the curved end of the baffle down under the 
spherical bosses. Lift the forward end of the oil 
baffle off of the spherical bosses and out of the 
gear housing. 


23. Remove the drive (output) shaft or reduction gear 
input shaft outer bushings (if used) from the reverse 
gear housing. 


If inspection of the bushings in the reverse gear 
housing, as outlined under Inspection. reveals the 
bushings need replacing. remove the bushings as 
follows: 


a. Support the reverse gear housing on the bed of an 
arbor press with the rear face of the gear housing 
facing up. 


b. Place the bushing remover and installer J 8466 
with handle J 7079-2 down in the bushing with 
the handle under the ram of the press as shown in 
Fig. 34. 
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REDUCTION GEAR P 
DRIVE SHAFT) 47:4 


а 


PLANETARY SNAP RING 


GEAR ASSY. 





Fig. 35 - Removing or Installing Planetary 
Gear Snap Ring from/on Reduction Gear 
Drive Shaft (1.5:1 Ratio) 


c. Then press the two bushings straight out of the 
gear housing. Catch the bushings and remover by 
hand so thev will not drop on the floor when the 
top bushing is pressed out of the gear housing. 


24. |f the reverse gear housing is to be washed and 
cleaned. remove all of the pipe plugs. breather and 
lubricaung oil fitting from the gear housing. 


Disassemble Reduction Gear 


The disassembly procedure for the various reduction 
gears wil varv depending upon the ratio. The 
disassembly procedure for the 1.5:1 ratio reduction 
gear is covered separately. Due to the close similarity 
of the 2.1:1. 2.5:1 and 3:1 ratio reduction gears. the 
disassembly procedure for these gears will be covered 
as a single procedure and the difference noted therein. 


With the reduction gear assembly removed from the 
reverse gear assembly. the reduction gear may be 
disassembled as outlined below. 


Disassemble 1.5:1 Ratio Reduction Gear - Refer to 
Fig. 4 for the location of the parts and disassemble as 
follows: 


1. Support the reduction gear assembly on a bench 
with the forward end of the drive shaft facing up. 


2. Remove the planetary gear snap ring from the 
groove in the reducuon gear drive shaft with a pair of 
snap ring pliers J 5586 as shown in Fig. 35. 
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SUN GEAR 


3017 





Fig. 36 - Removing or Installing Planetary 
Gear Assembly from/on Reduction Gear Drive 
Shaft (1.5:1 Ratio) 


3. Lift the planetary gear assembly straight off of the 
reduction gear drive shaft and sun gear as shown in 
Fig. 36. 


If difficulty is encountered in removing the planetary 
gear assembly from the drive shaft. it may be removed 
bv tapping the shaft out of the planetary gear hub 
with a plastic hammer after performing Steps 4. 5 and 
6 listed below. 


4. Support the reduction gear housing on its side on a 
bench with the drive flange facing the outside of the 
bench. 


5. Remove the drive flange nut. then pull the drive 
flange off the end of the reduction gear drive shaft. 


If necessary. attach. a bar type puller to the drive 
flange and pull the drive flange off the drive shaft. 


6. Pull the reduction gear drive shaft (or planetary 
gear and drive shaft assembly) straight out of the 
roller bearing and gear housing from the forward end 
of the gear housing. 


7. Remove the six 7/16" -14 bolts and lock washers 
securing the reduction gear drive shaft bearing 
retainer to the gear housing. 


8. Tap the sides of the bearing retainer lightly with а 
plastic hammer to loosen it. then lift the bearing 
retainer straight off the bearing. Remove the bearing 
retainer gasket. 
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9. Remove the reduction gear drive shaft bearing 
retainer oi! seal from the bearing retainer as follows: 


a. Support the bearing retainer on the bed of ап 
arbor press with the forward face down and the 
oil seal over the opening in the bed of the press. 


b. Place a 2-1/2" round steel bar on top of the oil 
seal and under the ram of the press. then press 
the oil seal out of the bearing retainer. Discard 
the oil seal. 


10. Remove the reduction gear drive shaft bearing 
from the reduction gear housing as follows: 


a. Matchmark the outer roller bearing cone and 
bearing cup so it may be reinstalled in the same 
side of the bearing cup. 


NOTE: The roller bearing cones and cup must 
be matchmarked so they can be reinstalled in 
the same position. 


b. Lift the outer roller bearing cone out of the 
bearing cup and place it in a clean spot on the 
bench. 


c. Support the rear face of the reduction gear 
housing on the bed of an arbor press with the 
roller bearing cup over the opening in the bed of 
the press as shown in Fig. 37. 


d. Place the drive flange end of the reduction gear 
drive shaft straight down through the sun gear 





Fig. 37 - Removing Reduction Gear Drive Shaft 
Roller Bearing Cone and Cup from Gear 
Housing (1.5:1 Ratio) 
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and roller bearing cone until the shoulder on the 
drive shaft rests on the bearing cone with the 
forward end of the drive shaft under the ram of 
the press. 


(e 


Then press the roller bearing cup straight out of 
the reduction gear housing as shown in Fig. 37. 
Catch the roiler bearing cup, cone and drive shaft 
by hand to prevent them from falling and being 
damaged. 


f. Remove the drive shaft from the inner bearing 
cone and cup, then place the outer bearing cone 
inside of the bearing cup it was removed from 
and place the bearing assembly in a clean spot on 
the bench. 


ll. Remove the reduction gear sun gear from the 
reduction gear housing as follows: 


а. Support the reduction gear housing on a bench 
with the rear f'ace of gear housing facing up. 


b. Place a 1/8" long shank punch in the drilled hole 
in the bearing bore of the gear housing as shown 
in Fig. 38 and drive the roll pin out of the sun 
gear dowel pin and gear housing. 


с. Support the reduction gear housing, rear face up. 
on a bench. then push the sun gear dowel pin out 


& Ger E 





4 





Fig. 38 - Removing Roll Pin from Sun Gear 
Dowel Pin (1.5:1 Ratio) 





REDUCTION GEAR 
INPUT GEAR 


SNAP RING 


Fig. 39 - Removing or Installing Reduction 
Gear Input Gear Bearing Snap Ring (1.5:1 
Ratio) 


of the sun gear and gear housing with an offset 
steel rod from the inside of the sun gear. 


d. Lift the sun gear straight out of the gear housing. 


12. Remove the reduction gear input gear bearing. 
adaptor and ring gear from the input gear as f'ollows: 


a. Place the reduction gear adaptor. input gear and 
ring gear assembly on a bench with the bearing 
side facing up. 


b. Remove the input gear bearing snap ring from the 
groove in the input gear hub with a pair of snap 
ring pliers J 5586 as shown in Fig. 39. 


c. Support the reduction gear adaptor. input gear and 
ring gear assembly on two steel supports on the 
bed of an arbor press with the ring gear side 
down as shown in Fig. 40. 


d. Place a 1-7/8" round steel bar on top of the input 
gear hub and under the ram of the press as shown 
in Fig. 40. 


e. Then press the input gear and ring gear assembly 
out of the input gear bearing. Catch the input 
gear and ring gear assembly by hand to prevent it 
from falling and being damaged. 

f. Remove the snap ring from the groove in the ring 
gear that retains the flange of the reduction gear 
input gear in the ring gear. then lift the input 
gear straight out of the ring gear. 


Disassemble 2.1:1. 2.5:1 and 3:1 Ratio Reduction 
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Fig. 40 - Removing Reduction Gear Input Gear 
from Input Gear Bearing (1.5:1 Ratio) 


Gears - Refer to Figs. 1, 2 and 5 for the location of 


the parts and disassemble as follows: 


1. Support the reduction gear assembly on а bench 
with the drive flange facing up. 


2. Remove the drive flange nut. then lift the drive 
flange straight off the end of the reduction gear drive 
shaft. 


If necessary. attach a bar type puller to the drive 
flange and pull the drive flange off the drive shaft. 


3. On the 2.1:1 ratio reduction gear. lift the reduction 
gear housing straight off of the reduction gear 
planetary ring gear and drive shaft assembly. 


On the 2.5:1 and 3:1 ratio reduction gears. lift the 
reduction gear housing straight off of the reduction 
gear planetary gear and drive shaft assembly. 


4. Perform Steps 7. 8, 9. 10. a. b and c under 
Disassemble 1.5:1 Ratio Reduction Gear above. then 
proceed with Step “d” below. 


d. Place a 2-1/4" round steel bar on top of the inner 
bearing cone. inside the reduction gear housing. 


and under the ram of the press as shown in 
Fig. 41. 


e. Then press the roller bearing cup straight out of 
the reduction gear housing. Catch the roller 
bearing cup and cone by hand to prevent them 
from falling and being damaged. 


f. Place the outer bearing cone inside of the bearing 
cup it was removed from and place the bearing 
assembly in a clean spot on a bench and cover. 
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5. On the 2.1:1 ratio reduction gear. remove the 
reduction gear sun gear from the reduction gear 
adaptor as follows: 


a. Place the reduction gear adaptor and sun gear 
assembly on a bench with the forward face of the 
adaptor facing up. 


b. Remove the snap ring from the groove in the sun 
gear with a pair of snap ring pliers as shown in 
Fig. 42. then lift the adaptor off of the sun gear. 


6. On the 2.1:1 ratio reduction gear. remove the 
reduction gear drive shaft from the planetary ring 
gear as follows: 


. Place the reduction gear planetary ring gear and 
drive shaft assembly on a bench with the outer 
end of the shaft facing up. 


b. Remove the snap ring from the groove in the 
inside diameter of the ring gear next to the drive 
shaft flange with a small screw driver. Then lift 
the drive shaft out of the planetary ring gear. 


7. On the 2.5:1 and 3:1 ratio reduction gears. remove 
the reduction gear planetary ring gear plate from the 
adaptor and the planetary ring gear as follows: 


GEAR 
HOUSING 
N 


BEARING 
CONE 


Fig. 41 - Removing Reduction Gear Drive 
Shaft Roller Bearing Cone and Cup from Gear 
Housing (2.1:1 Ratio) 
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a. Support the adaptor. planetary ring gear plate and 
ring gear assembly on two 3" wood blocks with 
the ring gear side down and between the wood 
blocks. 


b. Tap the planetary ring gear plate out of the 
reduction gear adaptor with a small brass rod and 
hammer. 


c. Place the planetary ring gear plate and ring gear 
assembly on a bench with the ring gear plate side 
facing up. 


d. Remove the snap ring from the groove in the 
inside diameter of the ring gear next to the 
outside diameter of the planetary ring gear plate 
with a small screw driver. Then lift the ring gear 


plate straight out of the ring gear. 


Inspection 


Wash all of the marine and reduction gear parts 
thoroughly with clean fuel oil and dry them with 
compressed air. 


Examine the ball and roller bearings for corrosion and 
pitting. Lubricate each bearing with light engine oil: 
then. while holding the inner race or cone from 
turning, revolve the outer race or cup slowly by hand 
and check for rough spots. 


Examine the oil seals. and if the lips of the oil seals 
are rough or hard. replace the seals. 


Examine the forward and reverse clutch piston seal 
rings Гог cuts or scratches. 


Examine the oil pump rotors (gears), cover plate (if 
used) and housing for score marks and wear. 


NOTE: The oil pump housing. rotors (gears) and 
cover are matched at the factory and are not 
serviced separately. If it becomes necessary to 
replace any of the oil pump parts. a new oil 
pump assembly must be used. 


Examine the inside diameters of the forward and 
reverse clutch pistons which contact the seal ring for 
scratches. 


Examine the inside diameters of the forward clutch 
cylinder and the gear housing adaptor. which contact 
the seal ring. for scratches. 


Examine the forward and reverse clutch plates. 
pressure plates and the forward inside face of the 
marine gear housing which contact the reverse clutch 
plate for scoring. burning or warping; also. examine 
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ADAPTOR 


SNAP RING 


Fig. 42 - Removing or Installing Sun Gear 
Snap Ring (2.1:1 Ratio) 


the teeth in the inner and outer diameters of the clutch 
plates for wear or peening. 


Examine the teeth of the forward clutch hub and the 
internal and external teeth of the forward and reverse 
clutch ring gear for wear and peening. 


Examine the thrust washers for wear and score marks. 


If preliminary inspection of the planetary gears 
reveals nicks. burrs, pitting. over-heating, score marks 
or if excessive backlash (more than 015") between 
any two mating gears is found. the planetary gear 
assembly must be replaced. 


NOTE: The parts of the reduction gear 
planetary gear are not serviced separately and 
must be replaced with a complete new 
assembly. Also. the reverse planetary gear and 
output shaft. which includes two inner bushings. 
is not serviced separately and must be replaced 
with a complete new assembly. 


Examine the teeth of the drive gear and sun gear for 
wear, scoring or chipping. The gears тау show 
considerable wear and still be usable. 


Examine the splines on the shafts for wear and 
peening. 


Examine the bushing in the reduction gear drive shaft 
for wear. 


NOTE: The bushing in the reduction gear drive 
shaft is not serviced separately and requires 
replacement of the complete assembly. 


On the reverse gear housing with. bushings. examine 
the bushings inside the housing for wear. If worn 
excessively. they must be replaced. The bushings are 
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Fig. 43 - Reverse Gear Details and Relative Location of Parts (2.1:1 Ratio Model 71C Shown) 
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Fig. 43 - Reverse Gear Details and Relative Location of Parts (2.1:1 Ratio Model 71C Shown) 


1. Housing-- Reverse Gear 20. Gasket- Valve Cover 

2. Bushing- Reverse Gear 21. Boit-. Valve Cover 
Housing 22. Lever--Selector Valve 

3. Baflle-Gear Housing Oil (Shifter) 

4. Ой Filler Plug and 23. Spring-Lever Detent 
Dipstick Assy. 24. Ball--Lever Detent Spring 

5. Breather Assy.--Gear 25. Nut--Lever Retaining 
Housing 26. Pump Assy.--Reverse 

6. Pipe Plug--1/87 Gear Oil 

7. Pipe Plug--3/87 27. Gasket--Oil Pump to 

8. Strainer Assy.--Reverse Adaptor 
Gear Oil 28. Boilt--Oil Pump 

9. Plug--Oi Drain 29. Ot! Seal--Oil Pump 

10. Gasket--Oil Drain Plug 30. Screw--Oil Pump Cover 

4 Annular 31. Woodruff Key--Oi] Pump 

11. Bushing--Reducing Drive 

12. Tube--Oil Return 32. Adaptor--Reverse Gear 

13. Vaive--Selector Control Housing 

14. Seal Ring. Selector 33. Gasket--Gear Housing 
Control Valve Adaptor 

15. Valve--Pressure 34. Bolt--Gear Housing 
Regulator Adaptor 

16. Spring--Pressure 35. Bearing--Gear Housing 
Regulator Valve Adaptor Roller 

17. Retainer--Regulator 36. Pipe Plug--Adaptor 
Valve Spring 37. Piston--Reverse Clutch 

18. Snap Ring- Valve Spring 38. Seal Ring-- Reverse 
Retainer Clutch Piston (Inner) 

19. Cover-- Selector Control 39. Seal Ring- Reverse 
Valve Clutch Piston (Outer) 





prefinished and do not require reaming or boring after 
installation in the housing. 


On the reverse gear housing without bushings. 
examine the planetary gear and reduction gear input 
shaft bore in the housing for score marks and wear. 


Examine the inside diameter of the forward clutch 
piston cylinder for seal ring score marks. 


Examine the drive gear input shaft seal rings for wear. 
scoring or cracks. 


Examine the reverse clutch pressure plate release 
springs for defects and check the spring with spring 
tester J 9666. The spring has a free length of 
approximately 1.250" . Replace the spring when a load 
of less than 13.5 Ibs. will compress it to 1.00" . 


Examine the selector valve and the pressure regulator 
valve for scoring. 


Examine the pressure regulator valve spring for 
defects and check the spring with spring tester J 9666. 
The spring has a free length of approximately 
2.6562" . Replace the spring when a load of less than 
94 Ibs. will compress it to 2.073" . 


Replace the selector valve seal ring at each teardown. 


40. Plate-Reverse Clutch 56. Spring-Forward Clutch 


Pressure Release 

41. Plate-Reverse Clutch 57. Cylinder--Forward Clutch 
(Inner) 58. Piston--Forward Clutch 

42. Plate--Reverse Clutch 59. Seal Ring--Forward 
Stationary (Steel) Clutch Piston (Inner) 

43. Spring--Pressure Plate 60. Seal Ring.-Forward 
Release Clutch Piston (Outer 

44. Pin--Reverse Clutch 61. Ring--Forward Clutch 
Stationary Plate Dowel Release Spring Support 

45. Shaft Assy.--Drive Gear 62. Snap Ring--Forward 
Input Clutch Cytinder 

46. Hub--Forward Clutch 63. Bearing--Drive Gear 

47. Woodruff Key--Forward input Shaft Ball 
Clutch Hub 64. Snap Ring--Bearing 

48. Snap Ring--Clutch Hub (Clutch Cylinder) 

49. Seal Ring--Drive Gear 65. Snap Ring--Bearing 
Input Shaft (Input Shaft) 

50. Ring Gear--Forward 66. Thrust Washer--Forward 


Clutch Planetary 

51. Plate--Forward Clutch 
Pressure (Rear) 

52. Plate--Forward Clutch 
Inner (Copper Faced) 


53. Plate--Forward Clutch 68. Thrust Washer- 
-Reduction Gear Input 


Clutch Cylinder 

67. Shaft Assy.--Planetary 
Gear and Reduction 
Gear Input 


(Steel) 
54. Plate--Forward Clutch Shaft 
Pressure (Front) 69. Thrust Washer- 


-Reduction Gear 
Planetary Gear 


55. Snap Ring--Forward 
Clutch Pressure Plate 


Examine the selector valve bore in the gear housing 
for burrs or score marks. 


Blow out all oil passages in the various parts with 
compressed air. 


Remove all of the old gaskets and clean the surfaces 
before installing new gaskets. 


Replace all of the marine gear parts that cannot be 
cleaned up with crocus cloth. and the excessively worn 
or damaged parts. 


ASSEMBLE REVERSE AND REDUCTION GEAR 


With the parts cleaned and inspected and the 
necessary parts on hand, the reverse and reduction 
gear may be assembled as outlined below. 


Assemble Reverse Gear 


The assembly procedure for the direct drive reverse 
gear and the reverse gears used in conjunction with 
the 1.5:1. 2.1:1. 2.5:1 and 3:1 гапо reduction gears on 
Models 71 and 72 are similar. Therefore, assembly will 
be covered as a single procedure and any differences 
between the various assemblies will be noted therein. 
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Fig. 44 - Location of Planetary Gear and 
Reduction Gear Input Shaft Bushings in 
Reverse Gear Housing 


Three different types of reverse gear housings and two 
different types of planetary gear and reduction gear 
input shaft assemblies have been used in the marine 
gears. TYPE 1 incorporated two planetary gear and 
reduction gear input shaft pretinished bushings and a 
planetary gear апа reduction. gear input shaft 
assembly without oil grooves. In TYPE 2. the 
planetary gear and reduction gear input shaft 
bushings in the housings were eliminated and the bore 
in the housing reduced from 1.989" -1.990" то 
1.8625" -1.8635". and а new planetary gear and 
reduction. gear input shaft assembly with three oil 
grooves was used. In TYPE 3 (current tvpe). the 
planetary gear and reduction gear input shaft bore in 
the housing was increased from 1.8625" -1.8635 to 
1.989" -1.990" and new prefinished bushings were 
installed in the housing. 


The finished inside diameter of the new bushings is 
1.8625" -1.8635" and differ from the bushings used in 
the TYPE | reverse gear housing only by having a 
shghtüly larger outside diameter to assure a tighter fit 
in the housing. 


The former planetary gear and reduction gear input 
shaft assembly. without oil grooves. and the current 
planetary gear and = reduction gear input shaft 
assembly. with oil grooves. can be used in both 
TYPE 1 and TYPE 3 reverse gear housings with 
bushings. The current planetary gear and reduction 
gear input shaft assembly. with oil grooves. MUST be 
used in the TYPE 2 reverse gear housings without 
bushings. 


Refer to Figs. 1. 2 and 42 for the location of the 
various parts and assemble them as follows: 


l. If removed. install the new direct drive (output) 
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shaft or the planetary gear and reduction gear input 
shaft outer bushings in the reverse gear housing as 
follows: 


a. Lubricate the outside diameter of one bushing 
with engine оп, then start the bushing straight 
into the bushing bore of the reverse gear housing 
from the rear face with the oil hole in the bushing 
in alignment with the oil hole in the gear housing. 


b. Support the reverse gear housing, forward face 
down, on the bed of an arbor press. 


c. Place the bushing remover and installer J 8466 
with handle J 7079-2 in the bushing with the end 
of the handle under the ram of the press as shown 
in Fig. 46. Then press the bushing straight into 
the gear housing to the dimension shown in 
Fig. 44. 


CAUTION: Be sure the oil hole in the bushing 15 
in alignment with the oil hole in the gear 
housing when the bushing is pressed into 
position. 


d. Invert the gear housing on the bed of the arbor 
press. then install the second bushing in the gear 
housing as described in Steps a. b and с above. 

= 


2. If removed. install the oil baffle in the reverse gear 
housing as follows: 


On a current direct drive unit. perform Step a. 
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Fig. 45 - Location of Planetary Gear and 
Reduction Gear Input Shaft in Reverse Gear 
Housing Without Bushings 
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a. Place the oil baffle inside the reverse gear housing 
with the notched edge facing the front and the 
curved side toward the bottom of the housing. 
Then press down on the center of the oil baffle 
and snap the rectangular slots at each end on the 
cast bosses at each side of the housing. 


On a former direct drive unit and all reverse and 
reduction gear units. perform Steps b. c and d. 


b. Place the oil bae inside of the gear housing with 
the curved portion below the cast spherical bosses 
in the gear housing as shown in Figs. 1 and 47. 


c. Position the forward end of the oil baffle so that 
the center of the baffle rests on top of the boss. at 
the front center of the gear housing. and the 
turned down corners of the baffle are located 
below the cast spherical bosses. 


d. Snap the oil baffle into position by lifting up on 
the curved portion so that the two large holes are 
located on top of the spherical bosses at the rear 
inside lace of the gear housing as shown in 
Figs. ] and 47. 


3. On the direct drive units, install the planetary gear 
and drive (output) shaft assembly in the reverse gear 
housing as follows: 


BUSHING ~ 


GEAR 
HOUSING 





Fig. 46 - Installing Drive Shaft Bushings in 
Reverse Gear Housing 








Fig. 47 - 


Installing Oil Baffle in Gear Housing 


Support the reverse gear housing on two 3" wood 
blocks. with the forward face of the gear housing 
facing up and the opening in the rear face of the 
housing over the opening between the two wood 
blocks. thus allowing clearance for the end of the 
drive (output) shaft to project through the reverse 
gear housing when assembled. 


Lubricate the pinion gears in the planetary gear 
and the outside diameter of the drive (output) 
shaft. where it makes contact with the bushings or 
the gear housing. with engine oil. 


Position the planetarv gear and drive (output) 
shaft assembly over the top of the gear housing 
(Fig. 51). then insert the end of the drive (output) 
shaft straight. down through the bushings or 
housing unul the rear face of the planetarv gear 
rests on the gear housing. 


Place a 3" x 6" x 6" wood block down inside the 
gear housing with the 6" face of the block resting 
on top of the planetary gear. 


Place the reverse gear housing. planetary gear and 
drive shaft assembly and the wood block on the 
bed of an arbor press. with the forward face of 
the gear housing down and the assembly resting 
on the wood block (Fig. 49). 


Lubricate the drive (output) shaft bearing with 
engine oil. Place the bearing over the end of the 
shaft with the groove in the outer race of the 
bearing up: then. start the bearing straight on the 
bearing surface of the shaft. 
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Fig. 48 - Oil Baffle in Position in Gear 
Housing 


g. Place a sleeve over the end of the drive (output) 
shaft and rest it on the inner race of the bearing: 
then, place a flat steel plate on top of the sleeve 
and under the ram of the press as shown in 
Fig. 49. Then press the bearing straight down in 
the housing and on the shaft until it seats on the 
shoulder on the drive shaft. 


h. Remove the reverse gear housing and drive 
(output) shaft assembly from the arbor press and 
place it on a bench. with the rear face of the gear 
housing facing up. 


І. Refer to Step 4 under Assemble Reduction Gear for 
installing the оп seal in the drive (output) shaft 
bearing retainer. 


j- Affix a new bearing retainer gasket to the rear face 
of the reverse gear housing with the bolt holes in 
the housing and gasket in alignment. 


k. Place the bearing retainer over the end of the 
drive (output) shaft and start it straight over the 
bearing with the bolt holes in the retainer and 
housing in alignment. Then push it down tight 
against the gasket and housing. 


|. Install the six 7/16" -14 x 1-1/4" bolts and lock 
washers. Tighten the bolts to 46-50 Ib-ft torque. 


m. Lubricate the splines of the drive shaft and the 
lip of the oil seal lightly with engine oil: then. 
start the drive flange on the end of the drive shaft 
and push it down tight against the bearing. 


If necessary. tap the drive flange down on the 
drive shaft until it contacts the bearing with a 
hard wood block and hammer. 
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п. Lubricate the threads on the drive (output) shaft 
with engine oil. Then thread the retainer nut on 
the shaft and against the drive flange. Do not 
tighten the nut at this time. 


4. On the 1.5:1 and 2.1:1 reverse and reduction gear 
units. install the planetary gear and reduction gear 
input shaft assembly in the reverse gear housing as 
follows: 


a. Support the reverse gear housing on two 6" wood 
blocks. with the forward face of the gear housing 
facing up and the opening in the rear face of the 
housing over the opening between the two wood 
blocks. thus allowing clearance for the end of the 
reduction gear input shaft to project through the 
reverse gear housing when assembled. 


b. Lubricate the reduction’ gear input shaft thrust 
washer with engine oil: then. place the thrust 
washer down in the reverse gear housing with the 
tang on the edge of the washer in the notch inside 
of the gear housing as shown in Fig. 50. 


c. Lubricate the pinion gears in the planetary gear 
and the outside diameter of the input shaft, where 
it makes contact with the bushings or the gear 
housing. with engine oil. 


NOTE: The 2.1:1 reverse and reduction gear 
unit cannot be reversed from right-hand 
rotation to left-hand rotation by relocaung the 


REVERSE GEAR 


AERIS HOUSING 


REDUCTION GEAR 
" INPUT SHAFT 


Fig. 49 - Installing Reduction Gear Input Shaft 
Bearing on Input Shaft and in Gear Housing 
(2.5:1 and 3:1 Ratios) 
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reverse gear oil pump like the other reverse and 
reduction gear units. However. if it becomes 
necessary to change the rotation of the 2.1:1 
reverse and reduction gear unit to the opposite 
hand rotation. it сап be accomplished by 
removing the present reduction gear planetary 
gear assembly and installing the opposite hand 
rotating planetary gear assembly and relocating 
the oil pump assembly to the opposite hand 
rotation. 


d. Position. the planetary. gear and input shaft 
assembly over the top of the gear housing as 
shown in Fig. 51: then, insert the end of the input 
shaft straight down through the thrust washer and 
bushings or housing until the rear face of the 
planetary gear rests on the thrust washer. 


5. On the 2.5:1 and 3:1 reverse and reduction gear 
units. install the planetary gear and reduction gear 
input shaft assembly in the reverse gear housing as 
follows: 


а. Support the reverse gear housing on two 6" wood 
blocks. with the forward face of the gear housing 
facing up and the opening in the rear face of the 
housing over the opening between the two wood 
blocks. thus allowing clearance for the end of the 
reduction gear input shaft to project through the 
reverse gear housing when assembled. 


NOTE: The thrust washer shown in Fig. 50 is 
not used on the direct drive. 2.5:1 and 3:1 ratio 
reverse and reduction gear units. 


THRUST 
WASHER 





Fig. 50 - Installing Reduction Gear Input 
Shaft Thrust Washer in Gear Housing (1.5:1 
and 2.1:1 Ratios) 
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Fig. 51 - Installing Planetary Gear and 
Reduction Gear Input Shaft Assembly in Gear 
Housing (1.5:1 and 2.1:1 Ratios) 


Lubricate the pinion gears of the planetary gear 
and the outside diameter of the input shaft. where 
it makes contact with the bushings or the gear 
housing. with engine oil. 


Position. the planetary gear and input shaft 
assembly over the top of the gear housing 
(Fig. 51); then. insert the end of the input shaft 
straight down through the bushings or housing 
until the rear face of the planetary gear rests on 
the gear housing. 


. Place a 3" x 6" x 6" wood block down inside the 
gear housing with the 6" face of the block resting 
on top of the planetary gear. 


e. Place the reverse gear housing. planetary gear and 


f. 


о 


с 


input shaft assemblv and the wood block on the 
bed of an arbor press. with the forward face of 
the gear housing down and the assembly resting 
on the wood block (Fig. 49). 


Lubricate the reduction gear input shaft bearing 
with engine oil. Place the bearing over the end of 
the shaft with the groove in the outer race of the 
bearing ир; then. start the bearing straight on the 
bearing surface of the shaft. 


Place a sleeve over the end of the input shaft and 
rest it on the inner race of the bearing: then. 
place a flat steel plate on top of the sleeve and 
under the ram of the press as shown in Fig. 49. 
Press the bearing straight on the shaft and in the 
housing unul it seats on the shoulder on the shaft 
and the snap ring groove in the shaft is fully 
exposed. 


h. Install the snap ring in the groove in the shaft 


next to the bearing inner race with a pair of snap 
ring pliers J 5586. 
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Fig. 52 - Installing Forward Clutch Hub on 
Drive Gear (Input) Shaft 


i. Remove the reverse gear housing and input shaft 
assembly from the arbor press and place it on the 


two six inch wood blocks with the forward face of 


the gear housing facing up. 
6. Install the forward clutch hub on the clutch drive 
gear shaft as follows: 
A new drive gear input shaft assembly has replaced 


the former drive gear input shaft assembly. The 


CLUTCH PRESSURE 
PLATE (REAR) 


Fig. 53 - Installing Rear (Forward) Clutch 
Pressure Plate in Ring Gear 
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current drive gear shaft differs from the former in that 
it is 1" shorter in length. has 26 splines at the pilot 
end. a relocated Woodruff keyway and a cup plug 
pressed in the small end of the shaft to seal off the 
horizontal oil passage. The former drive gear shaft 
was 1" longer in length. had 10 splines at the pilot 
end. and a steel ball and a roll pin in the small end of 
the shaft to seal off the horizontal oil passage. 


a. Install the Woodruff key in the keyway provided 
in the shaft next to the drive gear. 


b. Lubricate the outside diameter of the drive gear 
shaft. where it makes contact with the forward 
clutch hub. with engine oil. 


c. Place the forward clutch hub over the end of the 
drive gear shaft. with the extended hub end of the 
clutch hub down. and lower it straight over the 
shaft with the keyway in the clutch hub in 
alignment with the Woodruff key in the shaft. 


d. Place the forward clutch hub and drive gear shaft 
on the bed of an arbor press. with the short end 
of the drive gear shaft under the ram of press as 
shown in Fig. 52. Then press the drive gear shaft 
straight into the forward clutch hub and tight 
against the drive gear. 


[47 


. Install the snap ring in the groove in the shaft with 
a pair of snap ring pliers J 5586 as shown in 
Fig. 30. Be sure the snap ring is fully seated in its 
groove. 


CLUTCH 


INNER TE i a CLÜTCH 
PLATE 





Fig. 54 - Position of Forward Clutch Plates for 
Assembly in Ring Gear 
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NOTE: If a new service drive gear input shaft 
assembly is being installed. be sure the steel 
ball and roll pin or cup plug. whichever is used. 
is in place in the small (non-splined) end of the 
drive gear shaft before installing it in the 
reverse gear housing. 


7. Install the forward clutch plates and the forward 
clutch piston and cylinder assembly in the planetary 
ring gear as follows: 


a. Place the planetary ring gear on a bench. with the 
external teeth of the ring gear facing up. 


b. Install the rear clutch pressure plate inside the 
planetary ring gear with the smooth flat face side 
facing up as shown in Fig. 53. Align the teeth on 
the pressure plate with the internal teeth in the 
ring gear; then, lower the pressure plate straight 
into the ring gear until it seats squarely on the 
shoulder inside the ring gear. 





Fig. 56 - Installing Forward Clutch Pressure 
Plate Snap Ring in Ring Gear 


Install the remaining inner and outer forward 
clutch plates as outlined above and in the same 
sequence as shown in Fig. 54. 


c. Lubricate the inner forward clutch plates (copper 
faced) and the outer forward clutch plates (steel) 
with engine oil. 


d. Place an inner forward clutch plate (copper faced) e. Install the front clutch pressure plate inside the 


down inside the ring gear and rest it on the rear 
clutch pressure. plate. Then place the outer 
forward clutch plate (steel) down in the ring gear 
next to the inner clutch plate so the teeth on the 
clutch plate mesh with the internal teeth in the 
ring gear. 


CLUTCH PRESSURE 
PLATE (FRONT) 





Fig. 55 - Installing Front (Forward) Clutch 
Pressure Plate in Ring Gear 


planetary ring gear with the smooth flat face side 
down as shown in Fig. 55. 


Align the teeth on the pressure plate with the 
internal teeth in the ring gear; then. lower the 
pressure plate on top of the (copper faced) inner 
clutch plate. 


Install the forward clutch pressure plate snap ring 
inside the ring gear and seat it squarely on the 
internal shoulder inside the ring gear as shown in 
Fig. 56. 


NOTE: The forward clutch pressure plate snap 
ring shown in Fig. 56 is 090" to .093" thick 
and has a free diameter of 5-19/32" + 1/16" 
and is only used as a spacer and clutch release 
spring seat. The groove at the top of the 
shoulder in the ring gear is not designed to 
accommodate the snap ring. 


g. Place the forward clutch release spring in the ring 
gear and rest it on the snap ring (spacer). with the 
concave side of the release spring facing down as 
shown in Fig. 57. and center it in the ring gear. 

h. 


Lubricate the forward clutch piston outer seal ring 
with engine oil: then. install the seal ring in the 
groove in the outside diameter of the forward 
clutch piston as shown in Fig. 58. 


i. Lubricate the forward clutch piston inner seal ring 


"ith engine oil: then. install the seal ring in the 
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Fig. 57 - Installing Forward Clutch Release 
Spring in Ring Gear 


groove in the hub of the forward clutch piston 
cylinder as shown in Fig. 59. 


j} Lubricate the forward clutch piston inner and 
outer seal rings with engine oil: then. start the 
forward clutch piston with seal ring straight into 
the. bore of the forward clutch. piston. cylinder. 
with the flat side of the piston facing down. Then 
push the piston straight down in the cylinder until 
it bottoms as shown in Fig. 60. 


CAUTION: This is a hand assembly and should 
not be tapped in with a hammer or pressed in 
with an arbor press. 


k. Install the forward clutch piston. release spring 
support ring in the groove in the top of the piston 
(Figs. | and 43). 


|. Lubricate the outside diameter of the forward 
clutch piston cylinder. where it makes contact with 


FORWARD 
CLUTCH 
PISTON 


| 


SEAL RING 


Fig. 58 - Installing Forward Clutch Piston Seal 
Ring on Piston 





the ring gear. with engine oil; then. start the 
forward clutch piston and cylinder assembly 
straight into the bore of the ring gear, with the 
forward clutch piston side facing the piston 
release spring. 


. Place the planetary ring gear assembly on the bed 


of an arbor press. with the forward clutch piston 
cylinder end facing up and under the ram of the 
press. Place a short 3" outside diameter steel bar 
on top of the forward clutch piston cylinder; then. 
very carefully press the piston cylinder straight 
into the ring gear as shown in Fig. 61 until it 
contacts the snap ring and the groove in the top 
of the ring gear is fully exposed. 


CAUTION: Be sure the forward clutch release 
spring is centrally located so the outer edge of 
the forward clutch piston cylinder will not ride 
on the edge of the spring. The clutch release 
spring must be centered so the outer edge of 
spring rides in the counterbore of the piston 
cylinder when the piston cylinder is down 
against the snap ring. 


NOTE: If the snap ring groove in the top of the 
ring gear is not fully exposed when the piston 
cylinder is pressed down in the ring gear as far 
as it will go. it is evident that the piston 
cylinder is riding on the edge of the clutch 
release spring. This can be determined by 
removing the ring gear assembly from the 
arbor press and checking the fingers of the 
release spring through the rear of the ring gear 
to see if they are centrally located on the 
release spring support ring. If necessary. place a 
screw driver between the fingers of the spring 
and the edge of the piston and reposition the 
spring. Replace the ring gear assembly on the 
bed of the arbor press and press the forward 


CLUTCH 
PISTON 
CYLINDER 





Fig. 59 - Installing Forward Clutch Piston Seal 
Ring in Clutch Piston Cylinder 
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clutch piston cylinder down against the snap 
ring. 


n. Place the ring gear and forward clutch assembly 
on a bench. with the forward clutch piston 
cylinder end facing up; then. install the snap ring 
in the groove inside the ring gear next to the 
piston cvlinder as shown in Fig. 62. 


If necessary. apply light pressure on the forward 
clutch piston cylinder with the arbor press while 
installing the snap ring. 


NOTE: The forward clutch piston cylinder snap 
ring shown in Fig. 62 is .074" -.078" thick and 
has a free diameter of 5-7/8" + 1/16" and is 
only used at this location to retain the forward 
clutch piston cvlinder in the ring gear. 


7. On the Model 72 reverse gear units. perform the 
additional Steps a. b. c and d as outlined below: 


а. Support the ring gear and forward clutch assembly 
on the bed of an arbor press. with the forward 
clutch piston cvlinder end of the assembly facing 
down (Fig. 63) and the end of the ring gear 
resting on steel or wood supports. 


CAUTION: Be sure the forward clutch piston 
cylinder does not contact or ride on the 
supports under the end of the ring gear. 


b. Place a 1/4" x 4-1/2" diameter steel plate down 
inside the ring gear and rest it on the face of the 
rear clutch pressure plate. 


c. Bring the ram of the press down on the center of 
{һе steel. plate and. apply just enough force to 


i 


wy 
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Fig. 60 - Installing Forward Clutch Piston in 
Clutch Piston Cylinder 
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Fig. 61 - Installing Forward Clutch Piston and 
Cylinder Assembly in Ring Gear 


compress the pressure plates and clutch plates 
against the snap ring (spacer) between the front 
clutch pressure plate and the clutch. piston 
cylinder. Then measure the clearance between the 
rear face of the rear pressure plate and the 
shoulder of the snap ring groove inside the ring 
gear at several places with feeler gages as shown 
in Fig. 63 and record. 


Release the load off of the clutch plates and 
remove the steel plate from inside the ring gear. 
Then install one of the selective spacers (snap 
rings) in the snap ring groove between the rear 
face of the rear pressure plate and the shoulder of 
the snap ring groove as shown in Fig. 64. 


One of three different thickness spacers (snap 
rings) are used between the rear pressure plate 
and the shoulder in the ring gear to retain the 
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Fig. 62 - Installing Forward Clutch Piston 
Cylinder Snap Ring in Ring Gear 
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CLUTCH 
PRESSURE 
PLATE 


Fig. 63 - Measuring Gap for Forward Clutch 
Selective Spacer (Snap Ring) 


proper clearance of .040" to .065" between the 
two parts. They are .050" to .054". .074" to 
078" and .096" to .100" thick. All have a free 
diameter of 5-11/16 + 1/16" and are only used 
at this location on the Model 72 reverse gears. 


The three different thickness spacers (snap rings) 


CLUTCH 
PRESSURE 
PLATE 


SELECTIVE SPACER 
(SNAP RING) 





Fig. 64 - Installing Forward Clutch Selective 
Spacer (Snap Ring) in Ring Gear 
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may be identified by a spot of paint on the 
outside diameter of each snap ring: green on 
050" to 054". orange on .074" to .078" and 
white on .096" to .100" . 


8. Install the drive gear and forward clutch. hub 
assembly in the ring gear and forward clutch assembly 
as follows: 


a. Lubricate the drive gear input shaft seal rings with 
engine oil. then place the seal rings over the 
splined end of the drive gear input shaft and into 
the grooves in the shaft with a pair of snap ring 
pliers as shown in Fig. 29. Hook the ends of each 
seal ring together. 


CAUTION: To avoid breaking the seal rings. do 
not spread them any more than necessary to 
slip them over the shaft. 


b. Rotate the inner forward clutch plates in the ring 
gear so that all of the teeth on the plates are in 
alignment. 


c. Place the ring gear assembly on its side on a 
bench. Lubricate the drive gear shaft and seal 
rings with engine oll: then. insert the splined end 
of the drive gear shaft in the rear of the ring gear 
as shown in Fig. 65. Push the drive gear shaft 
straight through the bore of the forward clutch 
piston cylinder until the seal ring enters the bore 
of the piston cylinder and the teeth of the clutch 
hub enter the teeth of the inner clutch plates: 
continue to work the clutch hub through all of the 


DRIVE GEAR 
AND CLUTCH 
HUB ASSY. 


FORWARD CLUTCH AND 
RING GEAR ASSY. 


Fig. 65 - Installing Drive Gear and Forward 
Clutch Hub Assembly into Forward Clutch and 
Ring Gear Assembly 
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inner clutch plates until the rear face of the drive 


gear is flush with the face of the ring gear as 


shown in Fig. 66. 


CAUTION: Do not drive or force the drive gear 
and clutch hub assembly through the inner 
clutch plates. If forced. the teeth of the inner 
clutch plates will be damaged. 


IMPORTANT: During assembly. the inner clutch 
plate at the rear of the forward clutch pack can 
move off center and hook over the rear face of 
the clutch hub. This will prevent alignment of 
the gear faces as mentioned in Step “c” above. 


NOTE: When installing the drive gear and 
clutch hub assembly in the forward clutch 
piston cylinder and the inner clutch plates. do 
not push the drive gear and clutch hub in too 
far or the forward seal ring will slip out of the 
forward clutch piston cylinder and cannot be 
reinstalled in the piston cylinder by pulling the 
drive gear and clutch hub backwards. The seal 
ring must be removed from the groove in the 
shaft and the drive gear and clutch hub 
removed from the piston cylinder and the inner 
clutch plates and reinstalled again as outlined 
above. 


d. Place the 3" x 6" x 6" wood block with the I" 
hole drilled through its center over the drive gear 
shaft at the rear of the ring gear as shown in 
Fig. 67 to support the ring gear and drive gear 
assembly while installing the drive gear shaft 
bearing and snap rings. 


FORWARD CLUTCH 
AND RING GEAR ASSY. 


DRIVE GEAR AND 
CLUTCH HUB ASSY. 


Fig. 66 - Aligning Rear Face of Drive Gear 
with Face of Ring Gear 





9.1.3 


Warner Marine Gear 





DRIVE GEAR 
INPUT SHAFT 





Fig. 67 - Placing Wood Block over End of 
Drive Gear Shaft 


e. Place the drive gear. forward clutch and ring gear 
assembly with the wood block on the bed of an 
arbor press. with the splined end of the drive gear 
shaft facing up. 


f. Lubricate the drive gear shaft ball bearing with 
engine oil; then. place the bearing, numbered end 
up. over the end of the drive gear shaft and start 
it straight into the bearing bore of the forward 
clutch piston cylinder. 


. Place a sleeve over the end of the drive gear shaft 
and rest it on the inner race of the bearing; then. 


сә 


FORWARD BEARING 
CLUTCH 
PISTON 

CYLINDER 


3 ДЫР 
Fig. 68 - Installing Gear Shaft Bearing in 
Forward Clutch Piston Cylinder 
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Fig. 69 - Installing Bearing Retaining Snap 
Ring in Forward Clutch Piston Cylinder 


place a steel plate on top of the sleeve and under 
the ram of the press as shown in Fig. 68. Press 
the bearing straight into the bore of the forward 
clutch piston cylinder until it bottoms and the 
snap ring groove in the bearing bore of the piston 
cylinder is fully exposed. 


h. Install the snap ring in the groove of the drive 
gear input shaft next to the bearing inner race 
with a pair of snap ring pliers J 5586 as shown in 
Fig. 25. 


i. Install the snap ring in the groove of the forward 
clutch piston cylinder next to the bearing outer 
race as shown in Fig. 69. 
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a. With the reverse gear housing still supported on 


the drive flange or the wood blocks and with the 
forward face of the gear housing facing up, install 
the planetary gear thrust washer down inside of 
ihe planetary gear as shown in Fig. 70 and center 
the thrust washer over the drive gear input shaft 
bore. 


. Lubricate the small end of the drive gear input 


shaft with engine oil; then, position the planetary 
ring gear assembly over the top of the gear 
housing with the splined end of the drive pear 
input shaft up as shown in Fig. 71. 


. Lower the planetary ring gear assembly into the 


reverse gear housing and enter the end of the 
drive gear input shaft straight through the thrust 
washer and into the bushings in the center of the 
direct drive (output) drive shaft or the reduction 
gear input shaft. Align the teeth of the drive gear 
with the teeth of the pinion gears, then lower the 
assembly unti] the drive gear rests on the thrust 
washer. 


. Install the twelve reverse clutch pressure plate 


release springs in the holes provided in the 
reverse clutch cavity as shown in Fig. 23. These 
holes should be free of foreign matter and the 
springs firmly seated. 


. Coat the three dowel pins with grease and install 


them in the grooves provided in the outside 


DRIVE GEAR, FORWARD 
CLUTCH AND RING 
GEAR ASSY. 


9. Install the forward clutch and planetary ring gear 
assembly, reverse clutch plates and reverse clutch 
pressure plate in the reverse gear housing as follows: 
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Fig. 71 - Installing Planetary Ring Gear, 
Fig. 70 - Installing Planetary Gear Thrust Forward Clutch and Drive Gear Assembly in 
Washer Reverse Gear Housing 
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diameter of the reverse clutch cavity as shown in 
Fig. 23. The dowel pins must be firmly seated in 
the grooves. 


f. Place an inner reverse clutch. plate down in the 


reverse clutch cavity of the gear housing with the 
teeth of the clutch plate in mesh with the splined 
teeth of the ring gear as shown in Fig. 72. Then 
place the stationary reverse clutch plate (steel) 
down over the dowel pins and on the inner clutch 
plate with the odd shaped lug over the left-hand 
lower dowel pin as shown in Fig. 73. Place the 
second reverse clutch plate down on the steel plate 
with the teeth of the clutch plate in mesh with the 
splined teeth of the ring gear. 


The Model 72 reverse gear assemblies have been 
revised to incorporate two additional reverse 
clutch plates, one stationary plate and one with 
internal teeth. making a total of five reverse clutch 
plates (Fig. 2). Formerly. the reverse gear 
assemblies consisted of three reverse clutch plates: 
one stationary plate and two plates with internal 
teeth. When installing the reverse clutch plates in 
the current Model 72 reverse gear. place the two 
additional reverse clutch plates in the reverse gear 
housing in the same sequence as the other clutch 
plates are installed. 


g. Place the reverse clutch pressure plate (with the 


twelve holes in the plate down) on top of the 
release springs and over the dowel pins with the 


INNER REVERSE 
CLUTCH PLATE 





Fig. 72 - Installing Inner Reverse Clutch Plate 
in Gear Housing 
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Fig. 73 - Installing Stationary Reverse Clutch 
Plate (Steel) in Gear Housing 


cast slot in the outer rim of the pressure plate in 
alignment with the large oil hole in the top front 


face of the reverse gear housing as shown in 
Fig. 74. 


Since the twelve pressure plate release springs are 


REVERSE CLUTCH 
PRESSURE PLATE 


Fig. 74 - Installing Reverse Clutch Pressure 
Plate in Gear Housing 
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10. Install the roller (needle) bearing and the reverse 
clutch piston in the reverse gear housing adaptor as 
Follows: 


GEAR HOUSING | J "ROLLER 
ADAPTOR : E BEARING 


Fig. 75 - Installing Roller (Needle) Bearing in 
Gear Housing Adaptor 


not evenly spaced, it is necessary that the cast slot 
in the pressure plate and the large oil hole in the 
gear housing be in alignment in order to properly 
locate the holes in the pressure plate with the 
springs in the gear housing. 


NOTE: [f the pressure plate does not go down 
into position, approximately flush with the front 
face of the housing. check the three dowel pins 
and the springs for misalignment. 





Fig. 76 - Installing Reverse Clutch Piston Seal 
Ring in Adaptor 
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a. Lubricate the outside diameter of the roller 


(needle) bearing with engine oil: then. start the 
bearing straight into the bearing bore of the 
adaptor from the forward face side of the 
adaptor. 


. Support the reverse gear housing adaptor with the 


bearing on the bed of an arbor press, with the 
rear face of the adaptor down as shown in 
Fig. 75. 


>. Place the bearing installer J 8561 with handle 


J 7079-2 in and on top of the bearing, with the 
end of the handle under the ram of the press as 
shown in Fig. 75. Then press the bearing straight 
into the adaptor until the installer J 8561 contacts 
the face of the adaptor. 


A step under the flange of the installer J 8561 
properly positions the bearing in the adaptor. 


. Lubricate the reverse clutch piston inner seal ring 


with engine oil; then, install the seal ring in the 
groove in the hub of the gear housing adaptor as 
shown in Fig. 76. 


Lubricate the reverse clutch piston outer seal ring 
with engine oil and install the seal ring in the 
groove in the outside diameter of the reverse 
clutch piston as shown in Fig. 77. 


Lubricate the reverse clutch piston inner and outer 
seal rings with engine oil: then. start the reverse 
clutch piston with seal ring straight into the bore 
of the gear housing adaptor, with the flat smooth 
side of the piston down. Press down on the piston 
with one hand while pulling a clean screw driver 
around the exposed portion of the seal ring as 


Tier 
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Fig. 77 - Installing Reverse Clutch Piston Seal 
Ring on Piston 
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shown in Fig. 78. to aid the chamfered bore in 
the adaptor to compress the seal ring into the 
groove of the piston. 


Push the assembly straight down in the bore of 
the adaptor until it bottoms. The exposed face of 
the reverse clutch piston should be flush with the 
adjacent surrounding surface of the adaptor when 
completely assembled. 


CAUTION: This is a hand assembly and should 
not be tapped in with a hammer or pressed in 
with an arbor press. 


11. Select the forward clutch piston cylinder thrust 
washer as outlined below. 


The current 1.5:1 and 2.1:1 reverse and reduction gear 
units use a 061" to 063" thrust washer between the 
forward clutch piston cylinder and the gear housing 
adaptor to obtain the proper input shaft end play of 
004" to 043". The former and current direct drive. 
25:| and 3:1 gears also use a .061" to .063" thrust 
washer. 


In the former 1.5:1 and 2.1:1 reverse and reduction 
gear units. one of two different thickness thrust 
washers was used between the forward clutch piston 
cylinder and the gear housing adaptor to obtain the 
proper input shaft end play of .004" to 043". They 
are 061" to .063" and 085" to .087" thick. However. 
when servicing the former 1.5:1 and 2.1:1 reverse and 
reduction gear units. use the .061" to .063" thrust 
washer only to obtain the proper input shaft end play 
of .004" to .043" . 


Refer to the record of the input shaft end play when 
the reverse gear was disassembled to determine if a 


REVERSE PISTON 
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Fig. 78 - Installing Reverse Clutch Piston in 
Adaptor 
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Fig. 79 - Installing Forward Clutch Piston 
Cylinder Thrust Washer 


new forward clutch piston cylinder thrust washer is 
needed. 


Refer to Step 12 below for the installation of the gear 
housing adaptor and the reverse clutch piston 
assembly and checking the input shaft end play. 


12. Install the reverse gear housing adaptor and 
reverse clutch piston assembly on the reverse gear 
housing and check the input shaft end play as follows: 


ADAPTOR 
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Fig. 80 - Installing Adaptor and Reverse Clutch 
Piston Assembly on Input Shaft and Gear 
Housing 
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Fig. 81 - Current and Former Marine Gear Oil 
Pump Assemblies 


a. Refer to Step 11 above for the dimensions of the 
thrust washers and install a new thrust. washer 
over the hub of the forward clutch piston cylinder 
as shown in Fig. 79. 


b. Affix a new gear housing adaptor gasket to the 
bolting flange of the gear housing with the bolt 
and oil holes in the gasket and the gear housing 
in alignment as shown in Fig. 80. 


Lubricate the rollers (needles) of the bearing in 
the adaptor with engine oil: then. position the 


ey 
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gear housing adaptor over the top of the drive 
gear input shaft. with the oil holes in the adaptor 
in alignment with the oil holes in the gear 
housing as shown in Fig. 80. 


d. Enter the drive gear input shaft in the roller 


(needle) bearing. then lower the adaptor assembly 
over the shaft and rest it on top of the reverse 
clutch pressure plate. 


e. Install the four bolts in the four counter-sunk bolt 


holes in the adaptor. Tighten the bolts evenly and 
draw the pilot on the rear face of the adaptor 
straight into the mating bore of the reverse gear 
housing. Tighten the bolts to 28-30 Ib-ft torque. 


On some marine gear units. five bolts were used to 
secure the adaptor to the gear housing. 


NOTE: When drawing the adaptor down. check 
frequently for any bind bv rotating the drive 
gear input shaft by hand. 


. Support the reverse gear housing on wood blocks 
or a bench. with the drive gear input shaft in a 
horizontal position. 


g Install а 1/4" -20 x I-1/2" bolt in one of the 


selector valve cover bolt holes. or install a 7/16" - 
14 x 2" bolt in one of the tapped holes in the side 
of the reverse gear housing. Tighten the bolt 
securely. 


h. Attach a dial indicator to the bolt with the 


indicator button contacting the end of the drive 
gear input shaft or the reduction gear input shaft 
as shown in Fig. 19. 


NOTE: On the direct drive units. the. dial 
indicator must contact the forward end of the 
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Fig. 82 - Position of Oil Seals Installed in Marine Gear Oil Pump Housings 
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drive gear input shaft. On the reduction units. 
the dial indicator may contact the end of either 
the drive gear input shaft or the reduction gear 
input shaft. 


i. Move all of the parts inside of the gear housing 
forward by pulling on the drive gear input shaft. 
Set the indicator at zero. then move all of the 
parts back by pushing on the drive gear input 
shaft and read the indicator. 


If the end play is within the limits of 004" to 
043" . continue with the assembly. 


13. Assemble the reverse gear oil pump. 


A new reverse gear oil pump assembly shown in the 
upper half of Fig. 81 has replaced the former reverse 


gear oil pump assembly shown in the lower half of 


Fig. 81. The current oil pump assembly differs from 
the former in that the cover plate attached to the rear 
face of the former oil pump housing has been 
eliminated and the oil pump housing has been 
redesigned. The current reverse gear oil pump requires 
the current double-lip oil seal. The former reverse gear 
oil pump requires the former single-lip oil seal. 


Removal of the oil pump cover plate allows the oil 
ump assembly to be moved 9/32" toward the rear of 

pump ] 

the reverse gear. 


Moving the oil pump assembly back made it necessary 
to relocate the oil pump drive key and the keyway in 
the drive gear input shaft (Fig. 81). The revised drive 
gear input shaft can be used with either the former or 
the current oil. pump assembly and adaptor. The 
former drive gear input shaft cannot be used with the 
current oil pump assembly and adaptor as the oil 
pump drive key would interfere with the oil pump oil 
seal. 


Refer to the record taken at disassembly or Fig. 82 for 
the installed seal position in the reverse gear oil pump 
housing and proceed as follows: 


a. Support the oil pump housing on the bed of an 
arbor press with the inside face of the housing 
facing down. 


b. Apply a thin coat of sealing compound to the 
outside diameter of a new oil seal casing. 


c. Start the oil seal straight into the oil pump housing 
with the lip of the oil seal facing down. 





9.1.3 


Warner Marine Gear 





ОЦ SEAL 2297 


Fig. 83 - Installing Oil Seal in Oil Pump 
Housing 


d. Place the oil seal installer on top of the oil seal 
and under the ram of the press as shown in 
Fig. 83; then. press the oil seal straight into the 
housing until the flange of the installer contacts 
the housing. 


NOTE: If both lips of the current double-lip oil 
seal do not ride on the shaft. the seal will be 
ineffecuve. 


Use oil seal installer J 8467 for the oil seal that 
extends 1/8" above the forward face of the oil 
pump housing and oil seal installer J 22389 for 
the oil seal that is flush with the forward face of 
the housing. 


NOTE: On the early design oil pump housing. 
the oil seal was pressed in 1/8" below the 
outside face of the housing (Fig. 82). 


e. Lubricate the inner and outer rotors (gears) with 
engine oil. then place the outer rotor (gear) inside 
of the oil pump housing with the matchmark 
between two of the rotor teeth facing up. 


f. Place the inner rotor (gear) over the center of the 
oil pump housing, align the matchmark on the 
inner rotor with the marchmark on the outer 
rotor. then lower the inner rotor straight in the 
housing with the teeth of the two rotors (gears) in 
mesh (Fig. 21). 


Je 


g. If used. place the oil pump cover plate on top of 


the rotors and inside the oil pump housing with 
the plain flat side of the cover facing down and 
the bolt holes in the cover and housing in 
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Fig. 84 . Installing Oil Pump Cover Plate on 
Oil Pump Housing 


alignment as shown in Fig. 84. Install the two 
No. 10-24 x 3/4" flat head screws in the two 
countersunk holes in the cover plate and ughten 
them securely. 


14. Install the reverse gear oil pump on the drive gear 
input shaft and the gear housing adaptor as follows: 


a. Install the Woodrutf key in the keyway of the 
drive gear input shaft next to the roller bearing in 
the gear housing adaptor. then turn the shaft until 
the key faces the top of the gear housing. 


b. Place the oil pump to gear housing adaptor gasket 
in the oil pump cavity of the adaptor as shown in 
Fig. 85. 


c. Support the reverse gear assembly on a bench. 
with the drive gear input shaft and the reduction 


olL . ADAPTOR 
PUMP 
GASKET 


Fig. 85 - Installing Oil Pump Gasket in 
Adaptor 
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gear input shaft in a horizontal position and the 
top side of the reverse gear housing facing up 
(Fig. 87). 


Rotate the oil pump rotors (gears) so the keyway 
in the inner rotor (gear) is pointed toward the 
TOP L.H. or TOP R.H. mark (whichever rotation 
is being used) on the forward face of the oil 
pump housing. 


NOTE: Two kevways are present in the inner 
rotor (gear): it makes no difference which one 15 
used at assembly. 


Lubricate the lip of the oil seal with. engine oil: 
then. carefully insert the tapered end of the oil 
seal lip protector through the oil seal from the 
forward face of the oil pump housing. 


Use oil seal lip protector J 8491 when installing 
the oil pump assembly on the former drive gear 
input shaft incorporating 10 splines and oil seal 
lip protector J 22390 when installing the oil pump 
assembly on the current drive gear input shaft 
incorporating 26 splines. 


If an oil seal lip protector is not available. place a 
piece of .005" х 4" x 4" shim stock around the 


FOR A GIVEN DIRECTION OF INPUT SHAFT 
ROTATION, ASSEMBLE OIL PUMP WITH ARROW 
AT TOP POINTING IN SAME DIRECTION. 








Fig. 86 - Location of Oil Pump Markings in 
Relationship to Input Shaft Rotation 
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splines on the end of the drive gear input shaft; 
then. place a strip of cellulose tape over the seam 
of the shim stock to protect the lip of the oil seal 
from being cut or damaged. 


f. Note the markings on the forward face of the oil 
pump housing which are TOP L.H. and TOP R.H. 
Then determine the direction the drive gear input 
shaft will turn when the unit is attached to the 
engine. With this in mind. position the oil pump 
assembly with the arrow mark on the forward 
face of the oil pump housing corresponding with 
the drive gear input shaft rotation as shown in 
Fig. 86. and the marks TOP L.H. or TOP К.Н. on 
the oil pump housing (whichever rotation is 
desired) facing up towards the top side of the 


gear housing. as viewed from the forward face of 


the unit. 


NOTE: The 2.1:1 reverse and reduction gear 
unit cannot. be reversed from right-hand 
rotation to left-hand rotation by relocating the 
reverse gear oil pump like the other reverse and 
reduction gear units. However. if it becomes 
necessary to change the rotauon of the 2.1:1 
reverse and reduction gear unit to the opposite 
hand rotation. it can be accomplished Бу 
removing the present reducuon gear planetary 
gear assembly and installing the opposite hand 
rotating planetary gear assembly and relocating 
the oil pump assembly to the opposite hand 
rotation. 
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Fig. 87 - "m Oil Pump Assembly on 


input Shaft and Adaptor 
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Fig. 88 - Installing Selector Valve Assembly in 
і Gear Housing 

g. Start the oil pump assembly with the oil seal lip 
protector in place. straight over the end of the 
shaft as shown in Fig. 87: then. push the oil seal 
lip protector against the shoulder on the shaft. 
Push the oil pump assembly in and enter the 
Woodruff kev in the shaft straight in the keyway 
in the inner rotor (gear); conünue to push the oil 
pump assembly in against the gasket in the 
counterbore of the adaptor. 


h. Remove the oil seal lip protector from the oil seal 
and the drive gear shaft. 


. Rotate the oil pump assembly slightly to the right 
or left to align the bolt holes. then install the four 
5/16" -18 bolts (less lock washers). Tighten the 
bolts to 13-17 Ib-ft torque. 


15. Assemble the reverse gear selector valve assembly 
as follows: 


a. Lubricate the outside diameter of the pressure 
regulator valve with engine oil then insert the 
valve into the opening in the end of the selector 
valve with the open end of the pressure regulator 
valve facing up. 


b. Place the pressure regulator valve spring in the 
pressure regulator valve and push the valve down 
until it seats inside the selector valve. 


б 


Place the pressure regulator valve spring retainer 
on top of the valve spring with the concave side 
of the retainer on the spring. 
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Fig. 89 - Location of Selector Valve Lever 
Detent Spring and Ball in Gear Housing 


d. Place the selector valve. pressure regulator valve. 
valve spring and valve spring retainer assembly in 
a 1-1/4" inside diameter sleeve and rest it on the 
bed of an arbor press as shown in Fig. 20. 


е 


Place a 3/4" diameter x 2" long round steel rod 
on top of the valve spring retainer and under the 
ram of the press (Fig. 20). 


Г. Hold the steel rod to keep it from tipping; then. 
carefully press the valve spring and retainer 
straight down into the selector valve until the snap 
ring groove inside of the selector valve is exposed. 


CONE CUP CONE 
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CAUTION: The valve spring retainer is a very 
close fit in the bore of the selector valve. 
Extreme care must be used when pressing the 
spring retainer down in the bore of the selector 
valve so as not to allow the edge of the retainer 
to catch on the top of the bore or the snap ring 
groove in the selector valve and damage the 
retainer. 


. While holding the valve spring and retainer down 


in the selector valve, install the snap ring in the 
groove inside of the selector valve. 


. Install a new selector valve seal ring in the groove 


at the small or threaded end of the selector valve. 


Install the reverse gear selector valve assembly in 


the reverse gear housing as follows: 


a. Lubricate the 


outside diameter of the selector 
valve and seal ring with engine oil. then insert the 
small or threaded end of the selector valve in the 
opening. on the right rear side of the gear 
housing as shown in Fig. 88. with the flat spot on 
the shoulder of the selector valve. at the threaded 
end. facing down toward the bottom of the gear 
housing. Push the selector valve straight into the 
gear housing until it contacts the shoulder in the 
housing. 
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Ring Gear 

. Gear Assy.--Reduction 
Gear Planetary 

. Retainer--Drive Shaft 
Bearing 

. Gasket--Bearing Retainer 

. Oil Seal--Bearing 
Retainer 

. Drive Flange 


. Nut--Drive Flange 
. Snap Ring--Planetary Gear 
. Plug- Reduction Gear 


Housing Expansion 


. Adaptor- Reduction Gear 
. Sun Gear- Reduction 


Gear 


. Gasket-- Adaptor 
. Bolt- Adaptor Nylock 





. Gear- Reduction Gear Input 
. Bearing- Reduction Gear 


Input Gear 


. Snap Ring--Input Gear 


Bearing 


. Pin--Reduction Gear Sun 


Gear Dowel 


. Pin--Sun Gear Dowel 


Pin Roll 


Fig. 90 - Reduction Gear Details and Relative Location of Parts (1.5:1 Ratio) 
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b. Affix a new gasket to the rear face of the selector 
valve cover. 


e 


Place the selector valve cover and gasket over the 
selector valve opening in the gear housing and 
install the three 1/4" -20 bolts and lock washers. 
Tighten the bolts to 7-9 Ib-ft torque. 


d. Turn the reverse gear housing assembly on its side 
so the selector valve will be in a vertical position 
with the threaded end of the selector valve facing 


up. 


С, 


Place the selector valve lever detent spring in the 
drilled hole in the gear housing just above the 
threaded end of the selector valve (Fig. 89). 


f. Place the 5/16" steel ball on top of the selector 
valve lever detent spring (Fig. 89). 


g. Place the selector valve lever over the end of the 
selector valve with the flat portion in the large 
hole of the lever over the flat on the end of the 
selector valve and against the steel ball. Then 
install a flat washer. lock washer and nut. Tighten 
the nut to 12-16 Ib-ft torque. 


17. Insert the tapered end of the lubricating oil 
strainer assembly in the opening in the lower right- 
hand side of the gear housing (Fig. 43): then. install 
the reducing bushing. oil return tube. nipple and 
elbow assembly (current marine gears). or install the 
annular gasket and oil drain plug ( (former marine 
gears) ) and ughten securely. 


18. Il removed. install the breather assembly. pipe 
plugs and lubricating oil fitting in the reverse gear 
housing. 


Assemble Reduction Gear 


The assembly procedure for the various reduction 
gears will vary depending upon the ratio. The 
assembly procedure for the 1.5:1 ratio reduction gear 
is covered separately. Due to the close similarity of the 
21:1. 2.5:] and 3:1 ratio reduction gears. the assembly 
procedure for these gears will be covered as a single 
procedure and the differences noted therein. 


With the reduction gear parts cleaned and inspected 
and the necessary parts on hand. the reduction gear 
may be assembled as outlined below. 


Assemble 1.5:1 Ratio Reduction Gear - Refer to 
Figs. 4 and 90 for the location of various parts and 
assemble as follows: 


|. Install the ring gear (75), adaptor (85) and bearing 
(90) on the reduction gear input gear (89) and attach 
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REDUCTION GEAR 
^ INPUT SHAFT 


Я е 


Fig. 91 - Installing Reduction Gear Input Gear 
Bearing on Input Gear (1.5:1 Ratio) 


the reduction gear adaptor assembly to the reverse 
gear housing as follows: 


a. Place the reduction gear planetary ring gear on a 
bench with the end which incorporates a snap 
ring groove in the inside diameter facing up. 


b. Position the reduction gear input gear over the top 
of the planetarv ring gear. Align the splines in the 
flange of the input gear with the splines inside the 
ring gear: then. lower the input gear straight in 
the ring gear until it seats on the shoulder in the 
ring gear. 


c. Install the snap ring in the groove in the ring gear. 


d. Place the reduction gear adaptor over the hub of 
the input gear with the forward face (flat surface) 
facing up and rest it on the input gear. 


e. Lubricate the inside diameter of the reduction 
gear input gear bearing with engine oil: then. 
start the bearing. numbered end up. straight on 
the hub of the input gear. 


f. Place the bearing. adaptor. input gear and ring 
gear assembly. bearing side up. on the bed of an 
arbor press. 


Place a sleeve on the inner race of the bearing and 
a steel plate on top of the sleeve as shown in 
Fig. 91. Then press the bearing straight on the 
hub of the input gear and against the shoulder on 
the gear. 


Ста 


h. Install the snap ring in the ring groove in the hub 
of the input gear with a. pair of snap ring pliers 
J 5586 as shown in Fig. 39. Be sure the snap ring 
is fully seated in the groove 


i. Affix a new gasket to the forward face of the 
adaptor with the bolt and oil holes in ahgnment. 
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m. Install six new 7/16" -14 Nylock bolts and lock 
ADAPTOR washers with external teeth in the six countersunk 
ASSY bolt holes in the adaptor through the two access 
holes in the flange of the input gear as shown in 
Fig. 14. Tighten the bolts to 46-50 Ib-ft torque. 


2. Install the reduction gear sun gear in the reduction 
gear housing as follows: 


a. Place the reduction gear housing on a bench with 
the forward face of the gear housing facing up. 


b. Insert the sun gear dowel pin in the dowel pin hole 
in the gear housing with the roll pin hole in the 
dowel pin towards the outside of the gear housing 
and in alignment with the roll pin hole in the gear 
housing as shown in Fig. 93. 


c. Lubricate the outside diameter of the sun gear 
hub. where it makes contact with. the. reduction 
gear housing. with engine oil. 


d. Start the hub of the sun gear straight into the bore 
of the reduction gear housing with the dowel pin 
hole in the side of the hub in alignment with the 
dowel pin as shown in Fig. 93. Lower the sun 
gear until the hole in the hub of the sun gear is in 
alignment. with the dowel pin. then push the 
dowel pin in until the roll pin hole in the dowel 
pin is in alignment with the roll pin hole in the 
gear housing. 


REDUCTION GEAR 
INPUT SHAFT 





Fig. 92 - Installing Reduction Gear Adaptor, 
Input Gear, Ring Gear and Bearing Assembly 
to Reverse Gear Housing (1.5:1 Ratio) 


J- On the reverse gear assembly incorporating the oil 
filler tube. install a 3/8" -16 reduction gear 
housing adaptor to gear housing bolt and lock 
washer in the bolt hole of the adaptor adjacent to 
the oil filler tube (Fig. 92). 


e. Start the roll pin in the roll pin hole in the gear 
housing: then. drive the roll pin down into the 
dowel pin. until it is flush with the face of the 
gear housing. with a punch and hammer. 


k. Lubricate the outside diameter of the reduction 
gear input gear bearing with engine oil: then. 
start the hub of the input gear straight on the end 
of the reduction gear input shaft as shown in 
Fig. 92 with the splines of the gear and shaft in 
alignment. Push the assembly straight forward on 
the input shaft and enter the bearing straight into 
the bearing bore in the reverse gear housing. then 
continue to push the assembly forward unul the 
bearing seats on the shoulder in the gear housing. 


If necessary. tap the input gear bearing in the 
gear housing by tapping on the rear face of the 
ROLL PIN @ 


input gear with a plastic hammer. 


Raise the adaptor slightly and enter. the 
counterbore of the adaptor straight over the rear 
face of the bearing. Align the bolt holes in the 
adapter with the bolt holes in the gear housing. 
then push the adaptor against the reverse gear 
housing. 
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Fig. 93 - Installing Sun Gear in Reduction 
Gear Housing (1.5:1 Ratio) 
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3. Install the reduction gear drive shaft bearing in the 
reduction gear housing as follows: 


а. 


a 


. Support the forward face of the reduction 


Note the matchmarks previously placed on the 
reduction gear drive shaft bearing cone and cup 
at disassembly. 


CAUTION: When installing the same bearing 
that was removed from the reduction gear 
housing, it must be installed in its original 
position. 


Lubricate the rollers of the inner bearing cone 
with engine оп, then place the inner bearing cone 
down in the bearing bore in the rear face of the 
reduction gear housing with the (tapered) small 
outside diameter of the cone facing up (Fig. 94). 


Lubricate the outside diameter of the bearing cup 
with engine oil. then start it straight into the 
bearing bore of the reduction gear housing. with 
the matchmarked inner cone side of the cup 
facing down. 


gear 
housing on the bed of an arbor press. Place a steel 
plate on top of the bearing cup and under the 
ram of the press as shown in Fig. 95. Then press 
the bearing cup straight into the gear housing 
until it seats on the shoulder in the housing. 


Lubricate the rollers of the outer bearing cone 
with engine oil. then place it down in the bearing 
cup with the (tapered) small outside diameter of 
the cone facing down. 


BEARING 
CONE 


REDUCTION GEAR 
HOUSING 





Fig. 94 - Installing Reduction Gear Drive Shaft 
Inner Bearing Cone in Gear Housing 





REDUCTION 
GEAR 
HOUSING 


BEARING 
CUP 


Fig. 95 - Installing Reduction Gear Drive Shaft 
Bearing Cup in Gear Housing 


4. Install a new double-lip oil seal in the reduction 
gear drive shaft bearing retainer as follows: 


3 


NOTE: The current reduction gear includes à 
double-lip oil seal: the former reduction gear 
used a single-lip oil seal. Only the double-lip oil 
seal is serviced. 


а. Apply a thin coat of sealing compound to the 


outside diameter of the bearing retainer oil seal 
casing. 


. Start the oil seal straight into the bore of the 


bearing retainer. from the rear face. with the lip 
of the oil seal facing down. 


>. Support the bearing retainer and oil seal on the 


bed of an arbor press. with the rear face of the 
retainer and oil seal facing up. 


Place a steel plate. or tool J 3154-04 with suitable 
plates. on top of the oil seal as shown in Fig. 96. 
Then press the oil seal straight into and flush with 
the outside face of the bearing retainer. 


NOTE: If both lips of the double-lip oil seal do 
not ride on the drive flange. the seal will be 
ineffective. 


Attach the reduction gear drive shaft bearing 


retainer and oil seal assembly to the reduction gear 
housing as follows: 


d. 


Affix a new gasket to the rear f'ace of the reduction 
gear housing. with the notch in the inner diameter 
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a. Lubricate the bearing contact surface of the 
reduction gear drive shaft with engine oil; then. 
insert the drive flange end (threaded end) of the 
drive shaft straight through the sun gear and the 
drive shaft bearing from the forward face of the 
gear housing as shown in Fig. 98. 


b. Lubricate the splines of the drive shaft and the lip 

of the oil seal with engine oil. Start the drive 

DRIVE SHAFT — flange straight over the splines of the drive shaft: 

REARING diea | { then, while holding the drive shaft. push the drive 
t | flange tight against the bearing. 


If necessary. tap the drive flange on the drive 
shaft and against the bearing with a plastic 
hammer. 


c. Install the drive flange retaining nut on the drive 


shaft. Do not ughten it at this time. 


7. Install the reducuon gear planetary gear assembly 
on the drive shaft and sun gear as follows: 





a. Support the reduction gear housing and drive 


Fig. 96 - Installing Oil Seal in Drive Shaft 
Bearing Retainer 


of the gasket over the oil hole and the bolt holes 
in the gasket and gear housing in alignment as 
Shown in Fig. 97. 


shaft assembly on a bench with the forward face 
of gear housing facing up. 


Lubricate the splines on the forward end of the 
drive shaft and the pinions of the planetary gear 
assembly with engine oil: then. start the planetary 
gear assembly over the forward end of the drive 


2 > > T 1 tar » 11 ^ . Е - 

b. ie the e Vn M ue е shaft and sun gear as shown in Fig. 36. with the 
waring and gasket with the oil drain notch in the S І Tehe planei A 
retainer directly over the oil hole in the gear De Supe Dac s 
| Ыыы кобы гр е. | К e d splines of the drive shaft in alignment. Lower the 
housing. and the bolt holes in the retainer an Я тга f EE 
gear lit ns in alignment as shown in Fig. 97 рап и е шы. pur 
e ee = x = engage the pinions of the gear assembly with the 

teeth of the sun gear. then lower the assembly 

c. Install the six 7/16" -14 bolts and lock washers. : en : : $ ч 
hs Е : until the snap ring groove in the end of the drive 
Tighten the bolts to 46-50 Ib-ft torque. " iS 

= shaft is fullv exposed. 
6. Install the reduction gear drive. shaft in the 


reduction gear housing as follows: 


BEARING 
RETAINER 


LUBRICATING 
OIL RETURN 
PASSAGE 


RETAINER _- 
GASKET 


_ LUBRICATING 
4 OIL RETURN 
HOLE 


1909 





Fig. 97 - Installing Drive Shaft Bearing 
Retainer on Gear Housing 
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Fig. 98 - Installing Reduction Gear Drive Shaft 
in Sun Gear and Bearing (1.5:1 Ratio) 
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a. Lubricate the bearing contact surface of the 
reduction gear drive shaft with engine oil; then. 
insert the drive flange end (threaded end) of the 
drive shaft straight through the sun gear and the 
drive shaft bearing from the forward face of the 
gear housing as shown in Fig. 98. 


b. Lubricate the splines of the drive shaft and the lip 

of the оп seal with engine oil. Start the drive 

. flange straight over the splines of the drive shaft: 

; then, while holding the drive shaft. push the drive 
| г flange tight against the bearing. 


DRIVE SHAFT 
BEARING RETAINER 


If necessary. tap the drive flange on the drive 
shaft and against the bearing with а plastic 
hammer. 


c. Install the drive flange retaining nut on the drive 


shaft. Do not tighten it at this time. 


7. Install the reducuion gear planetary gear assembly 
on the drive shaft and sun gear as follows: 





a. Support the reduction. gear housing and drive 


Fig. 96 - Installing Oil Seal in Drive Shaft 
Bearing Retainer 


of the gasket over the oil hole and the bolt holes 
in the gasket and gear housing in alignment as 
shown in Fig. 97. 


shaft assembly on a bench with the fonward face 
of gear housing facing up. 


b. Lubricate the splines on the forward end of the 


drive shaft and the pinions of the planetary gear 
assembly with engine oll: then. start the planetary 
gear assembly over the forward end of the drive 


aco ` ‘anri ape a а} 7 f š Ж Я 
b. e the bearing retainer straight over the shaft and sun gear as shown in Fig. 36. with the 
pearing and gasket with the oil drain notch in the splines in the hub of the planetary gear and the 
retainer directly over the oil hole in the gear splines of the drive shaft in alignment. Lower the 
housing. and the boh holes in е planetary gear assembly on the drive shaft and 
ое, sing in alignment as show о. 97. ELE " А 
Bonne ae арат Чи Бе engage the pinions of the gear assembly with the 
; teeth of the sun gear. then lower the assembly 
c. Install the six 7/16" -14 bolts and lock washers. ; - УЫ . : Xe 
: dz ou : unul the snap ring groove in the end of the drive 
Tighten the bolts to 46-50 Ib-ft torque. І : ; M 
j shaft is fully exposed. 
6. Install the reduction gear drive shaft in the 


reduction gear housing as follows: 


BEARING 
RETAINER 
y 


LUBRICATING 
^ OIL RETURN 
PASSAGE 


RETAINER .. 
GASKET 


_ LUBRICATING 
ў OIL RETURN 
HOLE 


1909 





Fig. 97 - Installing Drive Shaft Bearing 
Retainer on Gear Housing 
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Fig. 98 - Installing Reduction Gear Drive Shaft 
in Sun Gear and Bearing (1.5:1 Ratio) 
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. Housing--Reduction Gear Gear Planetary . Gasket--Bearing Retainer Gear 

. Gasket--Gear Housing . Snap Ring--Planetary . Oil Seal--Bearing . Gasket- Adaptor 

. Bearing Assy.-- Drive Ring Gear Retainer . Bolt-Adaptor (Nylock) 
Shaft . Gear Assy.-- Reduction . Drive Flange 

. Shaft Assy.- Reduction Gear Planetary . Nut--Drive Flange . Thrust Washer- 
Gear Drive . Retainer--Drive Shaft . Adaptor- Reduction Gear Planetary Gear 

. Ring Gear- Reduction Bearing . Sun Gear- Reduction . Snap Ring-Sun Gear 





Fig. 99 - Reduction Gear Details and Relative Location of Parts (2.1:1 Ratio) 


c. Install the snap ring in the ring groove in the drive the various parts and assemble them as follows: 
shaft, next to the hub of the planetary gear 
assembly, with a pair of snap ring pliers J 5586 as l. On the 2.1:1 ratio reduction gear. install the sun 
shown in Fig. 35. gear (86) in reduction gear adaptor (85) as follows: 
Assemble 2.1:1. 2.5:1 and 3:1 Ratio Reduction Gears - a. Place the reduction gear adaptor on a bench with 
Refer to Figs. 1. 2. 5. 99 and 100 for the location of the rear face of the adaptor facing up. 


88 





. Housing--Reduction Gear . Snap Ring--Planetary Retainer . Bolt Adaptor (Nylock) 

. Gasket--Gear Housing Ring Gear . Drive Flange . Snap Ring--Sun Gear 

. Bearing Assy.--Drive . Retainer--Drive Shaft . Nut--Drive Flange . Shaft Assy.--Planetary 
Shatt Bearing . Adaptor--Reduction Gear Gear and Drive 

. Ring Gear--Reduction . Gasket--Bearing Retainer . Sun Gear- Reduction Gear 7. Plate--Reduction Gear 
Gear Planetary . Ой Seal--Bearing . Gasket--Adaptor Ring Gear 





Fig. 100 - Reduction Gear Details and Relative Location of Parts (2.5:1 and 3:1 Ratios) 
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ADAPTOR 


SUN GEAR 


Fig. 101 - Installing Sun Gear in Reduction 


Gear Adaptor (2.1:1 Ratio) 


b. Insert the splined end of the sun gear straight in 
the hub of the adaptor as shown in Fig. 101 until 
it seats against the shoulder of the adaptor. 


c. Turn the adaptor and sun gear assemblv over and 
rest the rear face of the sun gear on the bench. 


d. Install the snap ring in the groove in the splined 
end of the sun gear with a pair of snap ring pliers 
J 5586 as shown in Fig. 42. 


2. On the 2.5:1 and 3:1 ratio reduction gears. install 
the reduction gear planetary ring gear plate (97) in the 
planetary ring gear (75) and the planetary ring gear 
plate in the reduction gear adaptor (85) as follows: 


a. Place the reduction gear planetary ring gear on а 
bench with the end incorporating the ring groove 
in its inside diameter facing up. 


b. Position the planetary ring gear plate over the top 
of the planetary ring gear. Align the splines in the 
outside diameter of the ring gear plate with the 
splines inside of the ring gear. then lower the 
plate straight in the ring gear as shown in 
Fig. 102 unul it seats on the shoulder in the ring 
gear. 


c. Install the snap ring in the ring groove in the ring 
gear. just above the ring gear plate. 

d. Lubricate the inside diameter of the reduction 
gear adaptor with engine oil. then place the 
adaptor on a bench with the forward face (flat 
surface) facing down. 


e. Position the planetary ring gear plate and ring 
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gear assembly over the top of the adaptor. Align 
the bolt and oil holes in the ring gear plate with 
the holes in the adaptor. then start the ring gear 
plate straight into the bore of the adaptor and 
push the ring gear plate down until it seats on the 
adaptor. 


Due to the close fit. it mav be necessary to tap the 
ring gear plate lightly at several places with a 
plastic hammer after it has been started in the 
adaptor. 


3. Attach the reduction gear adaptor assembly to the 
reverse gear housing on the 2.1:1. 2.5:1 and 3:1 ratio 
reduction gears as follows: 


a. Affix a new gasket to the forward face of the 
adaptor with the bolt and oil holes in the gasket 
and the adaptor in alignment 


CAUTION: On the 2:1 гапо reduction gear, the 
lubrication of the reduction gear planetary gear 
assembly originates from the oil hole in the 
upper portion of the reverse gear housing rear 
face. If the small oil hole in the adaptor is 
plugged by improper gasket installation. failure 
of the planetary gear assembly will result. 


b. On the reverse gear assembly incorporating the oil 
filler tube, install a 3/8" -16 reduction gear 
housing adaptor to gear housing bolt and lock 
washer in the bolt hole of the adaptor adjacent to 
the oil filler tube (Fig. 16) 


c. On the 21:1 ratio reduction gear. place the 
adaptor and sun gear assembly over the end of 
the reduction gear input shaft as shown in Fig. 16 


PLANETARY 
RING GEAR 
PLATE 





Fig. 102 - Installing Reduction Gear Planetary 
Ring Gear Plate in Ring Gear (2.5:1 and 3:1 
Ratios) 
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and enter the flange on the forward face of the 
adaptor straight into the counterbore of the gear 
housing. Then push the adaptor up against the 
gear housing. 


On the 2.5:1 and 3:1 ratio reduction gears. place 
the reduction gear adaptor. planetary ring gear 
plate and ring gear assembly over the end of the 
reduction gear input shaft in the same manner as 
shown in Fig. 18. Start the adaptor straight over 
the reduction gear input shaft bearing and push it 
up against the gear housing. 


d. Align the bolt holes and install six new 7/16" -14 
Nylock bolts and lock washers with external teeth 
in the six countersunk bolt holes. Tighten the bolts 
to 46-50 Ib-ft torque. 


4. On the 2.3:1 and 3:1 rauo reduction gears. install 
the reduction gear sun gear on the reduction gear 
input shaft as follows: 


4. Lubricate the splines of the reduction gear input 
shaft with engine oil. Then start the sun gear 
suaight on the input shaft with the splines in the 
hub of the sun gear and the splines on the input 
shaft in alignment. Push the sun gear on the input 
shaft until the snap ring groove in the input shaft 
is Fully exposed. 


REDUCTION 
GEAR DRIVE 
SHAFT 


RING GEAR 





Fig. 103 - Installing Reduction Gear Drive 
Shaft in Ring Gear (2.1:1 Ratio) 
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DRIVE SHAFT AND 
RING GEAR ASSY. 





Fig. 104 - Installing Reduction Gear Drive 
Shaft and Ring Gear Assembly in Gear 
Housing (2.1:1 Ratio) 


b. Install the snap ring in the ring groove in the 
reduction gear input shaft. next to the sun gear. 
with a pair of snap ring pliers J 5586 as shown in 
Fig. 17. 


5. Perform Steps 3. 4 and 5 under Assemble 1.5:/ Ratio 
Reduction Gear above. then proceed with Step 6 
below. 


6. On the 2.1:1 ratio reduction gear. install the 
reduction gear drive shaft in the reduction gear 
planetarv ring gear as follows: 


a. Place the planetarv ring gear on a bench with the 
end incorporating the ring groove in the inside 
diameter facing up. 


b. Position the reduction gear drive shaft over the 
top of the planetary ring gear. Align the splines in 
the flange of the drive shaft with the splines 
inside of the ring gear. then lower the drive shaft 
straight in the ring gear as shown in Fig. 103 
until it seats on the shoulder in the ring gear. 


c. Install the snap ring in the ring groove just above 
the reduction gear drive shaft flange. 


7. Install the reduction gear drive shaft and ring gear 
assembly or the reduction gear drive shaft and 
planetary gear assembly in the reduction gear housing 
as follows: 


a. Place the reduction gear housing on its side on a 
bench. Lubricate the outside diameter of the 
reduction gear drive shaft and ring gear assembly 
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On the 2.5:1 and 3:1 ratio reduction gears, place a 
BEARING ui I" x 6" x 6" wood block against the planetary 
5 gear assembly. then stand the reduction gear 
housing and drive shaft assembly up and rest it 
on the wood block. 


c. Lubricate the splines of the drive shaft and the lip 
of the oil seal with engine oil; then, start the drive 
flange on the splined end of the drive shaft and 
push it down tight against the bearing. 


If necessary. tap the drive flange on the drive 
shaft with a plastic hammer until it contacts the 


bearing. 
PLANETARY d. Install the drive flange retaining nut on the drive 
DRIVE SHAFT shaft. Do not tighten it at this time. 


ASSY. 


8. On the 2.1:1 ratio reduction gear. install the 
reduction. gear planetary gear assembly and thrust 
washers on the reduction gear input shaft and sun 
gear as follows: 





Fig. 105 - Installing Reduction Gear Drive 
Shaft and Planetary Gear Assembly in Gear 
Housing (2.5:1 and 3:1 Ratios) 

NOTE: The planetary gear assembly for the left- 


or the drive shaft and planetary gear assemblv hand rotation reduction gear assembly is 
with engine oil. Then insert the end of the drive identified by two drill spots on the rear face of 
shaft straight through the reduction gear drive the planetary cage. 


shaft bearing from the forward face of the gear 
housing as shown in Figs. 104 or 105. 
a. Place the reverse gear assembly on a bench with 


b. On the 2.Ь:} ratio reducuon gear. place a 4" the reduction gear input shaft in a horizontal 
square wood block inside the ring gear and position. with a small wood block directly under 
against the forward face of the reduction gear the rear bottom side of the gear housing 
drive shaft. then stand the reduction gear housing (Fig. 106). 
and drive shaft assembly up and rest it on the | 
wood block. b. Lubricate both sides of the planetary gear thrust 


washer with engine oil. Then place the thrust 
washer over the end of the reduction gear input 
shaft and against the rear face of the sun gear as 
shown in Fig. 106. 


MN n c. Lubricate the pinions of the planetary gear 
SUN GEAR | abs. aa assembly with engine oil. Then place the 
planetary gear assembly over the end of the input 
shaft with the internal splined hub end of the 
gear assembly out as shown in Fig. 13. Engage 
the pinion gears of the planetary gear assembly 
with the teeth of the sun gear and rotate the gear 
assembly slightly to align the splines in the hub of 
the cage with the splines on the reduction gear 
input shaft. Then push the gear assembly against 
the thrust washer. 


d. Lubricate the second planetary gear thrust washer 
with engine oil. Then place it over the input shaft 
and hub of the planetary gear and against the 

Fig. 106 - Installing Thrust Washer on Hub of rear face of the planetary gear assembly as shown 

Sun Gear (2.1:1 Ratio) in Fig. 107. 
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9. Attach the reduction gear assembly to the reduction 
gear adaptor as follows: 


a. Affix a new gasket to the bolting flange of the 
reduction gear adaptor with the notch in the inner 
diameter of the gasket over the oil return hole in 
the lower (square) portion of the adaptor and the 
bolt holes in the gasket and adaptor in alignment. 


b. On the L5:1 ratio reduction gear. lubricate the 


reduction gear drive shaft bushing in the end of 


the reduction gear input shaft with engine oil. 


On the 2.1:1 ratio reduction gear. lubricate the 
reduction gear input shaft bushing in the center 
of the reduction gear drive shaft with engine oil. 


c. Position the reduction gear assemblv in back of 


the reverse gear assembly with the oil hole in the 
lower portion of the reducuon gear housing in 


alignment with the oil hole in the lower poruon of 


the reduction gear adaptor (Fig. 12). 


d. On the 1.5:1 ratio. reduction. gear. place the 
reduction gear assembly up against the planetary 
ring gear and engage the teeth of the pinion gears 
with the teeth of the ring gear by rotating the 
drive flange slightly. Then carefullv push the 
reduction gear assembly forward and enter the 
forward end of the reduction gear drive shaft 
straight into the bushing in the end of the 
reduction gear input shaft. 


On the 2.1:1 ratio reduction gear. place the 
reduction gear assembly up against the planetary 
gear assembly and engage the teeth of the ring 
gear with the teeth of the pinion gears by rotating 
the drive flange slightlv. Then carefully push the 
reducuon gear assembly straight forward and 
enter the end of the reduction gear input shaft 
straight into the bushing in the center of the 
reduction gear drive shaft. 


On the 2.5:1 and 3:1 ratio reduction gears. place 
the reduction gear assembly up against the 
planetary ring gear and sun gear and engage the 
teeth of the pinion gears with the teeth of the ring 
gear and the sun gear by rotating the drive flange 
slightly. 


e. Push the reduction gear assembly up against the 
adaptor with the bolt holes in the adaptor in 
alignment with the bolt holes in the gear housing. 
Then enter the pilot on the rear face of the 
adaptor into the bore of the gear housing. 


Г. Install the two 7/16" -14 bolts and lock washers in 
the two holes at the bottom side of the gear 
housing. and the six 3/8" -16 bolts and lock 
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Fig. 107 - Installing Thrust Washer on Hub of 
Planetary Gear Assembly (2.1:1 Ratio) 


washers in the six remaining bolt holes in the 
forward face of the adaptor. 


g. Tighten the 3/8" -16 bolts to 30-35 lb-ft torque 
and the 7/16" -14 bolts to 46-50 Ib-ft torque. 


10. Attach a spanner wrench to the drive flange. as 
shown in Fig. ll. to prevent it from turning. Then 
while holding the reverse and reduction gear from 
moving. attach a wrench to the drive flange nut 
(Fig. 11) and tighten it to 150-200 lb-ft torque. 


11. On the former reverse and reduction gear units. 
install the lubricating oil fitung in the lower right- 
hand side of the reduction gear housing. if removed. 


Attach Reverse Gear to Engine 


With the reverse and reduction gear assembled. refer 
to Figs. 7 and 8 and proceed as follows: 


1. If removed. attach the marine gear drive coupling to 
the engine flywheel. 


Install a 7/16" -14 eyebolt in the top bolt hole at 
each side of the reverse gear housing (Fig. 9). 


3. Support the reverse and reduction gear assembh 
with a rope sling and a chain hoist as shown in Fig. 9. 
then position the assembly at the rear of the flywheel 
housing adaptor. with the drive gear input shaft in 
line with the center of the drive coupling attached to 
the flywheel. 


4. Lubricate the splines of the input shaft with engine 
oil. Push the gear assembly straight forward and enter 
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the input shaft straight into the splines of the drive 
coupling. Then push the gear assembly up against the 
flywheel housing adaptor and enter the pilot on the 
gear housing adaptor straight in the bore of the 
flywheel housing adaptor. 


5. Align the bolt holes in the gear housing with the 
holes in the flywheel housing adaptor. then install the 
six 7/16" -14 bolts and lock washers. Tighten the bolts 
to 46-50 lb-ft torque. 


6. Remove the chain hoist. rope sling and eyebolts 
from the reverse gear housing. 


7. Attach the two rear engine supports to the sides of 
the reverse gear housing. 


8. Refer to Figs. 7 and 8 and connect the oil cooler 


return tube to the elbow at the lower right-hand side 
of the reverse gear housing on current marine gears 
(except current 2.1:1 marine gear). or the lower right- 
hand side of the reduction gear housing on former 
marine gears or at the top of the reduction gear 
housing on current 2.1: 1 marine gears. 


9. Connect the reverse gear to oil cooler tube to the 
elbow at the top of the reverse gear housing. 


10. Refill the marine gear with lubricating oil as 
specified under Lubrication. 


11. Start and run the engine and marine gear unit at 
idle speed for a few minutes to fill the lubrication 
system. Stop the engine. then immediately check the 
oil level in the marine gear. Bring the oil level up to 
the FULL mark on the dipstick. Do not overfill. 


OIL COOLER 


In order tọ provide additional cooling for the 
lubricating oil used in the marine gear. a separate oil 
cooler. similar to the engine lubricating oil cooler. is 
mounted at the heat exchanger. Thus. sufficient 
additional cooling is provided to insure that normal 
operating temperatures are maintained in the marine 
gear oil system under all conditions of speed and load 
in both forward and reverse. 


On current 6 and 8V engines, the oil cooler core and 
cover is à one piece assembly mounted in the heat 
exchanger housing directly below the heat exchanger 
core. Оп former engines. the oil cooler core was 
mounted on the side of the engine. 


Remove the oil cooler core for cleaning and inspection 
as follows: 


The oil cooler core should be removed and cleaned 
periodically. or at the time of each engine or marine 
gear overhaul. 


1. Drain the engine cooling system. 


2. Disconnect the two marine gear oil tubes from the 
elbows in the oil cooler cover. 


NOTE: Tag the oil tubes. inlet and outlet. for 


future reference. 


3. Remove the bolts and lock washers securing the oil 
cooler cover to the heat exchanger. If necessary. tap 





HEAT 
EXCHANGER 
TANK 


MARINE GEAR 
Olt COOLER 
CORE 


4413 


Fig. 108 - Typical Marine Gear Oil Cooler 
Core Mounting 


the edge of the oil cooler cover with a plastic hammer 
to loosen it. 


4. Remove the gasket from the oil cooler cover or heat 
exchanger. 


5. Clean and pressure check the oil cooler core as 
outlined in Section 4.4. 


6. Use a new gasket and install the oil cooler core by 
reversing the procedure for removal. 
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TROUBLE SHOOTING - SPECIFICATIONS - SERVICE 
TOOLS 


TROUBLE SHOOTING CHARTS 


Chart 1 


GEAR INOPERATIVE 


DRIVE SHAFT DOES NOT ROTATE WITH 
SELECTOR VALVE IN FORWARD OR REVERSE 


CHECK FOR 


1. LOW OIL PRESSURE 


2. HIGH OIL TEMPERATURE 
3. FAILURE OF PLANETARY ASSEMBLY 





1. Check the following items: 


a. Low oil supply. Add oil; refer to lubricauon. 

. Faulty oil gage. Replace the gage. Oil gage slow to 
register. air or obstruction in the oil gage line. 
Clean and bleed the oil gage line. 

с. Plugged oil inlet screen. Clean the screen. 

. Oi} pressure relief valve scored and sucking. 
Remove the rehef valve. Clean the valve and 
valve bore in the selector valve housing with 
crocus cloth to free up the valve or replace. 


^. Defective piston seal rings. Replace the seal rings. 


. Defective oil pump. Check for wear and sheared 
drive key. Replace if necessary. 


2. Check the following items: 


SUGGESTED REMEDY - 


4. FAILURE OF REDUCTION GEAR 


5. FAILURE OF REDUCTION GEAR 
INPUT SHAFT OUTER BUSHINGS 





a. Low oil supply. Add oil: refer to lubrication. 


b. Low water level in cooling svstem. Add water and 
check for leaks. 


c. Clogged or dirty oil cooler element. Remove and 
clean the oil cooler element: see Section 4.4. 


3. Remove the reverse planetary assembly and check 
for defective or damaged parts. Replace the planetary 
assembly if necessary. 


4. Remove the reducuon gear and planetary assembly 
and check for defective or damaged parts. Replace the 
defective or damaged parts. 


5. Worn bushings and misalignment of the oil holes in 
the bushings with the oil holes in the gear housing. If 
worn excessively or bushings are out of alignment. 
replace the bushings. 
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Chart 2 


GEAR DRAGGING 


CHECK FOR 


1. DEFECTIVE FORWARD OR REVERSE 3. BINDING IN REVERSE PLANETARY 
CLUTCH PLATES ASSEMBLY 

2. DEFECTIVE FORWARD OR REVERSE 4. BINDING IN REDUCTION GEAR 
CLUTCH PISTON RELEASE SPRINGS 


SUGGESTED REMEDY 








1. Forward and reverse clutch plates warped and 4. Check the following items: 
sucking. Remove the clutch plates and replace. 


2. Forward and reverse clutch piston release springs а. Bearings 


and gears worn excessively in the 
broken or weak. Replace the springs. 


planetary assembly. Replace the planetary 
assembly. 
3. Check the following items: 
: : . Bushings in the reduction gear input shaft and 
a. Bearings and gears worn excessively in the drive shaft worn excessively causing misalignment 
planetary assembly. Replace the planetary of the input and drive shaft Replace the 
assembly. necessary parts. 


в s ап oic то о Vien 5. Reduction gear drive shaft roller bearing worn 
Slonme я : M ; : 
misalignment of the input shaft. Replace the excessively. replace the bearing. 
necessary parts. ý 


Chart 3 
GEAR SLIPPING OR 
SLOW TO ENGAGE 
WITH SELECTOR VALVE IN FORWARD 
OR REVERSE POSITION 


CHECK FOR 


1. LOW OIL PRESSURE 2. NORN FORWARD OR REVERSE 
CLUTCH PLATES 


SUGGESTED REMEDY 








1. Low oil pressure, see Chart 1. Нет 1. check for wear. If worn excessively, replace the clutch 


plates. 





2. Remove the forward and reverse clutch plates and 
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Chart 4 


INTERNAL AND EXTERNAL LEAKS 


CHECK FOR 


1. EXCESSIVE OIL IN FLYWHEEL 3. OIL ON EXTERIOR OF MARINE 
HOUSING GEAR UNIT 

2. WATER IN LUBRICATING OIL OR 
OIL IN COOLING WATER 


SUGGESTED REMEDY 


l. Defective reverse gear oil pump oil seal. pump to 3. Check the following items: 

adaptor gasket or loose oil pump bolts. Replace the oil 

seal and gasket. Tighten the oil pump bolts. | 

a. Reverse gear housing adaptor, reduction gear 
adaptor, reduction. gear housing and bearing 
retainer gaskets damaged. 


2. Check the following items: 


a. Hole in the oil cooler element permitting water to . Defective selector valve *O" seal ring. Replace the 
seep into the oil compartment, or oil seeping into seal ring. 
the engine cooling system due to the oil pressure 
being greater than the water pressure. Replace the €. Defective reduction gear drive shaft bearing 
oil cooler element. retainer oil seal. Replace the oil seal. 


b. Oil cooler gaskets damaged. Replace the oil cooler . Loose reverse gear to oil cooler supply and return 
gaskets. oil tube fittings. Tighten all of the fittings. 
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SPECIFICATIONS 


STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


THREAD TORQUE THREAD TORQUE 
SIZE (Ib-ft) SIZE (Ib-ft) 
1/4220 sot PEPPER 79 9/1612 ае n ari: 2s 90100 
ОЕ Е косуы” жыз ARI MENOR 8-10 9/1618 у. М 107-117 
5/1618 00... ОНЕКИ 13-17 Big ате E 137-147 
СИВИНИ 15-19 ОВЕНА ee 168-178 
E O e ыы ылыы г 30.35- ` SD PUT Sten ee te ees 240-250 
ОИ м с АА 35-39 3/4-146 уу... 290-300 
via 317 журеды eae ee hea a IU EE TL MNA 410-420 
Pv AMET 57.61 а ао о 475-485 
ЛАЗЕ РОНСАР БРЕ 71-75 ПЕЕ ЕРЕСИ 580-590 
PPS MENOR SAN 83-93 ab MN WENN QU RN MA 685-695 


EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 


APPLICATION THREAD TORQUE 


SIZE (Ib-ft) 
Selector valve lever to selector valve nut... 5/16-24 12-16 
Reverse gear housing adaptor to gear housing bolts ................... EM 3/8 -16 28-30 
Drive flange nut (elastic stop) |... sss 1 -20 100-200 
Drive flange nut (Marsden) aE EEEE tees 1 -20 150-200 


SERVICE TOOLS 


TOOL NAME TOOL NO. 
Oil seal removing and replacing tool set sss J 3154-04 
Snap ring pliers |... dssdo t A e cos deret ААда sete cae J 5586 
Universal remover and installer tool handle ..................................................... J 70792 
Gear housing bushing remover and installer |... J 8466 
Oil pump oil seal installer... sss eee J 8467 
Oil pump oil seal lip protector sss ——— Á— stag J 8491 
Input shaft roller bearing installer... J 8561 
Spring tester sss COR PETS Rss J 9666 
Oil pump oil seal installer MSIE" "x J 22389 
Oil pump oil seal protector ._...................................... anms estar ben T ia ha J 22390 
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BILGE PUMP 





Fig. 1 - Bilge Pump 


The bilge pump (Fig. 1) is mounted at the front of the 
engine and is driven by a V-belt from a pulley on the 
crankshaft. 


The bilge pump runs continuously whenever the 
engine is operating and is kept in prime by a stream 
of overflow water from the engine. introduced on the 
intake side of the pump. through a priming pipe. 


The drive shaft is supported on a bronze bushing at 


the impeller end and a ball bearing to take radial load 
at the pulley end. 


Lubrication 


A grease cup provides lubrication for the bronze 
bushing at the impeller end of the shaft. The cup 


should be given one-half turn daily, using water-proof 
grease of the same grade as used on the raw water 
pump. The ball bearing used at the pulley end of the 
shaft is grease packed and requires no attention. 


A packing gland is provided to adjust the seal on the 
shaft. Do not tighten it more than necessary to stop 
leakage. When tightening. draw the nuts down evenly 
to avoid leaks and scoring of the pump shaft. 


Service 


Since the bilge pump runs continuously when the 
engine is operating, the drive belt should be checked 
at regular intervals. Tension on the belt should be 
sufficient to avoid slipping. but not great enough to 
impose an undue load on the pump bearings. Three- 
fourths inch slack midway between the two pulleys 
should provide satisfactory operation. Adjustment is 
accomplished by loosening the adjusting screws at the 
forward pulley hub and moving the hub in the slot to 
obtain suitable slack. In freezing weather. open the 
drain cock to empty the pump if the engine is to be 
standing idle for any length of time. 


Remove and Install Pump 


The bilge pump may be removed from the engine by 
removing the four bolts which attach the mounting 
bracket to the engine. 


The pump is simple in construction and may be 
disassembled for inspection and re-assembled without 
special instructions. Since the pump priming pipe is 
permanently connected to the pump as installed on the 
engine. no special precautions are required for 
installation other than to make correct connections to 
the inlet and outlet sides. 


CAUTION: All piping on the intake side of the 
bilge pump must be air tight. Use white lead or 
red lead on pipe threads at all connections. 
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AIR COMPRESSOR 


The air compressor (Fig. 1) may be mounted on a 
bracket attached to the cylinder block of the engine 
and belt-driven from the crankshaft pulley, or it may 
be flange-mounted to the flywheel housing and gear 
driven by means of an accessory drive attached to the 
camshaft or balance shaft gear on In-line engines, or 
on either camshaft gear on V-engines. 


A six bolt design air compressor mounting base. 
mounting bracket and gasket are used on current 
engines equipped with a belt-driven air compressor. 
Formerly, the air compressor was attached to the base 
and bracket with four bolts. When installing a new air 
compressor, it is recommended that the new mounting 
parts be used to eliminate the possibility of the bracket 
loosening and causing oil seepage at the gasket. 


The air compressor runs continuously while the engine 
is running. While the compressor is running, actual 
compression of air is controlled by the compressor 
governor which acts in conjunction with the unloading 
mechanism in the compressor cylinder block. The 
governor starts and stops the compression of air by 
loading or unloading the compressor when the air 
pressure in the system reaches the desired minimum or 
maximum pressure. 


During the down stroke of each piston. a partial 
vacuum is created above the piston which unseats the 
inlet valve and then allows air drawn from the air box 
in the engine cylinder block or through an intake 





AIR COMPRESSOR 


Fig. 2 - Typical Air Compressor With Drive 
Hub 


strainer to enter the cylinder above the piston. As the 
piston starts the upward stroke. the air pressure on top 
of the inlet valves. plus the inlet valve return spring 
force. closes the inlet valve. The air above the piston is 
further compressed until the pressure lifts the 
discharge valve and the compressed air is discharged 
through the discharge line into the reservoir. 


As each piston starts its downstroke, the discharge 





Fig. 1 - Air Compressor Mounting 


Fig. 3 - Fixture For Holding Drive While 
installing or Removing Slotted Nut 
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valve above it returns to its seat. preventing the 
compressed air from returning to the cylinder and the 
same cycle is repeated. 


When the air pressure in the reservoir reaches the 
maximum setüng of the governor, compressed air 
from the reservoir passes through the governor into 
the cavity below the unloading pistons in the 
compressor cylinder block. The air pressure lifts the 
unloading pistons which in turn lifts the inlet valves 
off their seats. 


With the inlet valves held off their seats, the air during 
each upstroke of the piston is merely passed back 
through the air inlet cavity and to the other cylinder 
where the piston is on the downstroke. When the air 
pressure in the reservoir drops to the minimum setting 
of the governor, the governor releases the air pressure 
beneath the unloading pistons. The unloading piston 
return spring then forces the piston down and the inlet 
valve springs return the inlet valves to their seats and 
compression is resumed. 


Service Note 


When installing a pulley or a drive hub on a flange 
mounted air compressor (Fig. 2), it is important the 
3/4 "-10 drive shaft slotted nut be tightened to 100 Ib- 
ft torque minimum before installing the 3/32 "xl- 
1/4 ” cotter pin. 


The air compressor drive shaft will turn during the 
torquing operation unless some provision 15 made to 
hold it. One way this can be done is to weld a modified 
drive coupling to a support or base which in turn can 
be anchored to the mounting flange of the compressor. 
An old flywheel housing cover that matches the flange 
of the compressor makes an ideal base for the 
modified coupling. With the exterior splines of the 
coupling in mesh with the internal splines of the drive 
hub and the entire assembly secured to the compressor 
housing. the hub and shaft are kept from rotating 
when the torque is applied. That part of the base 
within the inner diameter of the coupling must be 
removed to permit placement of the wrench socket on 
the. nut. Two bolts will secure the base to the 
compressor during the torquing operation (Fig. 3). 
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COLD WEATHER STARTING 


When starting an internal combustion engine in cold 
weather, a large part of the energy of combustion is 
absorbed by the pistons, cylinder walls. coolant and in 
overcoming friction. 


Under extremely low outside temperatures, the cold oil 
in the bearings and between the pistons and cylinder 
walls creates very high friction and the effort required 
to crank the engine is much greater than when the 
engine 15 warm. 


In a diesel engine, the normal means of igniting the 
fuel sprayed into the combustion chamber is by the 


heat of the air compressed in the cylinder. This 
temperature is high enough under ordinary conditions, 
but at extremely low outside temperatures may not be 
sufficiently high enough to ignite the fuel injected. 


To assist in starting an engine under low temperature 
conditions, cold weather starting devices are available. 


NOTE: Starting aids are not intended to correct 
deficiencies such as low battery, heavy oil, etc. 
They are for use when other conditions are 
normal but the air temperature is too low for 
the heat of compression to ignite the fuel-air 
mixture. 


PRESSURIZED CYLINDER STARTING AID 


Operation 


Start the engine during cold weather. using the "Quick 
Start” starting aid system (Fig. 1) as follows: 


l. Press the engine starter button. 
2. Pull out the "Quick Start" knob for one or two 
seconds, then release it. 


3. Repeat the procedure if the engine does not start on 
the first attempt. 


CAUTION: Do not crank the engine more than 
30 seconds at a time when using an electric 
starting motor. Always allow one minute 
intervals between cranking attempts to allow 
ће starting motor to cool. 


Service 


Periodically perform the following service items to 
assure good performance: 


і. Remove the fluid cylinder and lubricate the valve 
around the pusher pin under the gasket with a few 
drops of oil. 


2. Lubricate the actuator cable. 


3. Actuate the valve with the cable to distribute the oil 
on the cable and allow the oil to run down through the 
valve. 


4. Remove any dirt from the orifice by removing the 
air inlet housing fitting, the orifice block and the 
screen. Then blow air through the orifice end only. 
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ACTUATOR 
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METERING 
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Fig. 1 - "Quick Start" Assembly 
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5. Assemble and tighten the air inlet housing fitting to 
the actuator valve and tube. 


6. Check for leakage of fluid (fogging) on the outside 
of the engine air inlet housing by actuating the 
starting aid while the engine is stopped. If fogging 
occurs, disassemble and retighten the air inlet housing 
fitting to the housing. 


CAUTION: Do not actuate the starting aid more 
than once with the engine stopped. Over-loading 
the engine air box with this high volatile fluid 
could result in a minor explosion. 


7. Check the fluid cylinder for hand tightness. 


FLUID STARTING AID 


The fluid starting aid is designed to inject a highly 
volatile fluid into the air intake system to assist 
ignition of the fuel at low ambient temperatures. 11 
consists essentially of a pump-and nozzle for injecting 
the fluid into the air intake and a suitable container 
for the fluid (Fig. 2). The fluid is contained in suitable 
capsules to facilitate handling. 


This starting aid consists of a cylindrical capsule 
container fitted with a screw cap. Inside-.the container 
15 a sliding. plunger-like piercing shaft. From the 
capsule container, a tube leads from the container to a 
hand-operated pump and another tube leads from the 
pump to an atomizing nozzle threaded into а tapped 
hole in the air inlet housing. 


PIERCING 
SHAFT 


CAPSULE Ш 
CONTAINER 3 
nes 





Fig. 2 - Fluid Starting Aid 


Installation 


The pump may be mounted on the instrument panel 
or in some other convenient location. The capsule 
container must be mounted in а vertical position away 
from such high heat areas as the exhaust manifold, 
muffler, etc. and should not be located under a hood or 
in à cab. The atomizing nozzle is screwed into a 
tapped hole in the air inlet housing. The tank-to-pump 
tube should be 3/16 " O.D. copper tubing and the 
pump-to-nozzle tube 1/8 ” O.D. 


Operation 


1. Refer to Fig. 2 and remove the cap from the 
capsule container. Insert a fluid capsule in the 
container. 


CAUTION: Mount the capsule in an upright 
position within the container. Use care when 
handling. since the starting fluid is both toxic 
and inflammable. 


2. Pull the piercing shaft all the way out and thread 
the cap ught on the container. 


3. Push the piercing shaft down until it bottoms. This 
wil break the capsule and fill the container with 
starting fluid vapor. 


4. Move the engine throttle to the full-fuel position. 


5. Engage the starter and simultaneously pull the 
pump plunger all the way out. Then push the plunger 
in slowly, forcing the starting fluid through the 
atomizing nozzle and into the air intake. Continue to 
push the pump plunger in until the engine starts. If the 
plunger is not all the way in when the engine starts. 
push it in very slowly until it locks in the in position. 


6. Unscrew the cap and remove the used capsule. Do 
not leave the empty capsule in the container. 


7. Reinstall the cap tightly on the container body. 


NOTE: When not in use. the piercing shaft 
should be all the way down. 
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Starting Aid Pump 


The principal parts of the starting aid pump are the 
body. plunger and the spring-loaded ball type inlet 
and outlet check valves (Fig. 2). The pump body 15 
threaded externally at one end for mounting purposes. 
One end of the plunger is threaded into the operating 
knob. Two seal rings of oil resistant material are 
located in grooves at the other end of the plunger. The 
inlet check valve, which opens on the suction stroke of 
the plunger and seats under pressure, is located in the 
side opening of the pump body. The outlet check 
valve, which seats under suction and opens under 
pressure, is installed in the end opening of the pump 
body. The check valves are identified by the number 
“1/2” stamped on the inlet valve and the number 
730" on the outlet valve. An arrow indicating the 
direction of flow is also stamped on each check valve. 


Remove Pump 


Remove the starting aid pump from the mounung 
panel as follows: 


I. Disconnect the starting fluid inlet and outlet tubes 
from the pump. 


2. Unscrew the plunger nut from the pump body and 
withdraw the plunger assembly. 


3. Loosen the pump body jam nut behind the 
mounting panel. 


4. Remove the pump body from the rear of the panel. 


5. Remove the jam nut from the pump body. 


Disassemble Pump 


When the pump was removed from its mounting 
panel, the plunger assembly was removed from the 
pump body. If further disassembly is required. 
proceed as follows: 


l. Unscrew the knob from the plunger assembly. 
2. Shde the plunger nut from the plunger. 
3. The plunger lock ball and spring may be removed 


by tapping the plunger nut to dislodge them. It is not 
necessary to remove the plug. 


Starting Aids 12.6 


4. Remove the inlet and outlet check valves. 


Inspection 


Clean the parts with fuel oil and dry them with 
compressed air. Examine the seal rings for wear or 
cracks. Replace the seal rings if necessary. The check 
valves cannot be disassembled. However, they may be 
cleaned by forcing fuel oil through them with any 
suitable pump. Inoperative valves must be replaced. 


If excessive resistance was encountered during 
operation of the pump, the nozzle in the air inlet 


housing may be plugged. Remove and clean the 
nozzle. 


Assemble Pump 
1. Install new seal rings on the plunger. 


2. Install the lock spring in the plunger nut. Then place 
the steel ball on top of the spring. 


3. Depress the lock ball and slide the plunger nut -- 
hex end first -- over the threaded end of the plunger. 


4. Thread the knob on the plunger. , 

5. Install the outlet check valve (marked *30") in the 
end opening of the pump body. The arrow must point 
away from the pump body. 

6. Install the inlet check valve (marked “1/2”) in the 


side opening of the pump body. The arrow must point 
toward the pump body. 


Install Pump 
l. Thread the jam nut on the pump body. 


2. Insert the thread end of the pump body through the 
mounting panel (from the rear of the panel). 


3. Lubricate the seal rings and carefully slide the 
plunger assembly into the pump body. Thread the 
plunger nut on the end of the pump body and tighten 
it. 


4. [nstall the starting fluid inlet and outlet tubes. 


5. If removed, install the nozzle in the air inlet 
housing. 
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HYDROSTARTER SYSTEM 


The Hydrostarter system illustrated in Figs. 1 and 2 is 
a complete hydraulic system for cranking internal 
combustion engines. The system 1s automatically 
recharged after each engine start, and can be 
manually recharged in an emergency. The starting 
potential does not deteriorate during long periods of 
inactivity and continuous exposure to hot or cold 
climates has no detrimental effect upon the Hydro- 
starter system. Also, the Hydrostarter torque for a 
given pressure remains substantially the same 
regardless of the ambient temperature. 


The Hydrostarter system consists of a reservoir. an 
engine-driven charging pump, a manually operated 
pump, a piston type accumulator, a starting motor and 
connecting hoses and fittings. 


Operation 


Hydraulic fluid flows by gravity or slight vacuum from 
the reservoir to either the engine-driven pump inlet or 
hand pump inlet. The hand pump is used to supply the 
initial charge or to recharge the system after servicing 
or overhaul. Fluid discharging from either pump 
outlet at high pressure flows into the accumulator and 
is stored at 3250 psi under the pressure of compressed 
nitrogen gas. When the starter is engaged with the 
engine flywheel ring gear and the control valve is 
opened, high pressure fluid is forced out of the 
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accumulator. by the expanding nitrogen gas. and flows 
into the starting motor which rapidly accelerates the 
engine to a high cranking speed. The used fluid 
returns from the starter directly to the reservoir 
(Fig. 1). 


The engine-driven Hydrostarter charging pump runs 
continuously during engine operation, recharging the 
accumulator with fluid. When the proper amount of 
fluid has been returned to the accumulator, a pressure- 
operated unloading valve in the engine-driven pump 
opens and returns the pump discharge directly to the 
reservoir. 


System Components 


RESERVOIR 


The reservoir is a cylindrical steel tank with a fine 
mesh screen at the outlet. The filler cap contains a 
filter to prevent dust and dirt from entering the 
reservoir. 


ENGINE-DRIVEN CHARGING PUMP 


The engine-driven charging pump is a single piston, 
positive displacement type and should run at 
approximately engine speed. [t contains ball check 
valves and an unloading valve operated by the 
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Fig. 1 - Schematic Diagram of Hydrostarter System Showing Oil Flows 
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STARTER 


Fig. 2 - Typical Hydrostarter System Mounting 


accumulator pressure. Its operation is entirely 
automatic. and will operate in either direction of 
rotation. 


HAND PUMP 


The hand pump is a single piston. double-acting. 
positive displacement type. Flow through the pump is 
controlled bv ball check valves. A manually operated 
relief valve is provided in this pump so that the 
accumulator pressure may be relieved when servicing 
of anv components is required. 


ACCUMULATOR 


The piston-type accumulator is precharged with 
nitrogen through a small valve. A seal ring between 


STARTER ASSEMBLY ENGINE PUMP 


1. SERIAL NUMBER 
2. MODEL NUMBER 


SERIAL NUMBER 





the piston and the shell prevents the loss of gas into 
the hydraulic system. The accumulator is supplied with 
the proper precharge. 


STARTER 


The starter mounts on the flywheel housing and has a 
pinion gear with an overrunning clutch for engaging 
the flywheel ring gear. Movement of the starter control 
lever engages the pinion and opens the control valve 
in the proper sequence. The motor is a multi-piston. 
swash plate туре. Provision is made so that if pinion 
tooth abutment occurs. the motor rotates slowly until 
the pinion snaps into full engagement. When the 
control lever is released. the pinion is disengaged and 
the valve is closed by spring action. 


HAND PUMP ACCUMULATOR 


SERIAL NUMBER IN ONE 
OF TWO LOCATIONS 


ooo 


SERIAL NUMBER 


Fig. 3 - Hydrostarter Component Serial Number Locations 
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Ordering Parts 


When ordering replacement parts. always specify the 


information located by the arrows on each component 
as shown in Fig. 3. Also include the engine model and 
serial number to ensure obtaining the correct parts. 


FILLING, PURGING AND STARTING 


Fill Hydrostarter System 


Remove the filler cap from the reservoir and add a 
sufficient quantity of recommended hydraulic fluid (a 
mixture of 75% diesel fuel and 2595 SAE 10 or 30 
lubricating oil) to fill the system. 


The required amount of hydraulic fluid. will vary 
depending upon the size of the reservoir, length of the 
hydraulic hoses and the size and number of 
accumulators. The reservoir is available in 10. 12 and 
23 quart capacities. In a 10 quart capacity reservoir. 
add approximately 8 quarts of hydraulic fluid: add 
approximately 10 or 21 quarts of hydraulic fluid to the 
12 and 23 quart capacity reservoirs respectively. 


NOTE: When the accumulator is charged to 
3000 psi and all hoses are filled. there should be 
enough hydraulic fluid remaining in the 
reservoir to completely cover the screen in the 
bottom of the reservoir. 


Purge Hydraulic Remote Control System, Hand 
Pump and Starter of Air 


On units equipped with a hydraulic remote control 
starting system (Fig. 25) consisting of a foot pedal. 
master cylinder and connecting hose and fittings. 
purge that portion of the Hydrostarter system as 
follows: Fill the master cylinder reservoir with diesel 
fuel oil. Loosen the hose swivel fitting at the back of 
the starter control valve body and actuate the master 
cylinder pedal to allow the air to escape from the 
hydraulic remote starting system. Replenish the fluid 
in the master cylinder reservoir as required during the 
purging operation. Then tighten the hose swivel fitting. 


Remove the pressure hose (Fig. 1) on the side of the 
hand pump and pump a few strokes to prime the 
pump. Priming is complete when a full stream of oil is 
discharged at each end of the pumping stroke. Then 
reconnect the pressure hose. 


Move the starter control lever (Fig. 4) to engage the 
Starter pinion with the flywheel ring gear and to open 
the control valve. While holding the lever in this 
position, operate the hand pump until the starter has 
turned several revolutions. Then release the starter 
control lever. 


Check Accumulator Precharge Pressure Prior to 
Initial Engine Start 


The precharge pressure of the accumulator is the 
pressure of the nitrogen gas with which the 
accumulator is initially charged. This pressure should 
be checked before the system pressure is raised for the 
initial engine start. To check the precharge pressure, 
open the relief valve (Fig. 1) on the side of the hand 
pump, approximately 1/2 turn. allowing the pressure 
gage to return to zero. Close the relief valve and pump 
several strokes on the hand pump. The gage should 
show a rapid pressure rise from zero to the nitrogen 
precharge pressure. where it will remain without 
change for several additional strokes of the pump. 


Initial Engine Start 


Use the hand pump (Fig. 1) to raise the accumulator 
pressure until the gage reads as indicated in the 
following chart. 


Ambient Temperature Pressure Gage Reading 


Above 40°F. 1500 psi 
2500 psi 
3300 psi 


*40?F. to OOF. 
Below O°F. 





NOTE: Use the priming pump (Fig. 24) to make 
sure the fuel filter. fuel lines and injectors are 
full of fuel before attempting to start the 
engine. 


For ambient temperatures below 45 F. use a fluid 
starting aid. 


NOTE: Add starting fluid just prior to moving 
the Hydrostarter lever and during the cranking 
cycle as required. Do not wait to add the 
starting fluid after the engine is turning over 
because the accumulator charge may be used up 
before the engine starts. In this case. the 
accumulator charge must be replaced with the 
hand pump. 


With the engine controls set for start (throttle at least 
half-open), push the control lever (Fig. 4) to 





July. 1971 SEC. 12.6.1 Page 3 


12.6.1 Hydrostarter 


DETROIT DIESEL 53 





simultaneously engage the starter pinion with the 
flywheel ring gear and to open the control valve. Close 
the valve quickly when the engine fires to conserve the 
oil pressure in the accumulator and to prevent 
excessive overrunning of the starter drive clutch 
assembly. 


Three different basic types of flywheel ring gears are 
used -- no chamfer. Bendix chamfer and Dyer 
chamfer on the gear teeth. Some difficulty may be 
encountered in engaging the starter pinion with the 
Dyer chamfered ring gears. When this happens. it is 
necessary to disengage and re-engage until the starter 
pinion is cammed in the opposite direction enough to 
allow the teeth to mesh. 


Purge Engine-Driven Pump of Air 


With the engine running at 1500 rpm or above. loosen 
the hose connection at the discharge side of the 
engine-driven pump until a full stream of oil ts 
discharged from the pump. Connect the hose to the 
pump and alternately loosen and tighten the swivel 
fitting on the discharge hose until the oil leaking out 
when the fitting is loose appears free of air bubbles. 


Tighten the fitting securely and observe the pressure 
gage. The pressure should rise rapidly to the 
accumulator precharge pressure (1250 psi at 70°F.) 
then increase slowly to 2900 to 3300 psi in 6 to 10 
minutes. depending upon the size of the particular 
accumulator. 


If the accumulator pressure does not rise. make certain 
the relief valve (Fig. 1) is closed after the pressure is 
released and repeat the above purging procedure. 


Engine-Driven Pump By-Pass Check 


The engine-driven pump should by-pass oil to the 
reservoir when the pressure reaches 2900 to 3300 psi. 
Check to determine that the pump is by-passing by 
removing the reservoir filler cap and disconnecting the 
pump by-pass hose at the reservoir and holding the 
hose over the open reservoir filler spout. An occasional 
spurt of oil may emit from the hose prior to by- 
passing. When the pump by-passes, a full and 
continuous stream of oil will flow from the hose. 
Reconnect the hose at the reservoir and install the 
filler cap. 


HYDROSTARTER MOTOR 


The Hydrostarter (starting) motor is mounted on the 
flywheel housing in the same manner as a conven- 
tional starting motor. This starting motor has an 
inherently high rate of acceleration, therefore. the 
engine is cranked faster than is possible with other 
starting systems. Right and left-hand starters are 
achieved by assembling the motor housing (Fig. 4) to 
the valve plate in one of two positions 180° apart and 
by changing the drive clutch assembly. The drive 
housing can be adjusted in 12 different positions to 
accommodate various flywheel housing configurations. 


The control lever may be attached in any one of four 
positions where it 1s most accessible. 


Positive starting motor engagement is assured because 
movement of the control lever mechanically pushes the 
starter pinion into engagement with the engine 
flywheel ring gear before the control valve is fully 
opened. When a tooth abutment is encountered. the 
valve permits a small flow of oil to turn the pinion 
slowly unul it snaps into full engagement. Spring 
action disengages the pinion and closes the control 
valve when the lever is released. An overrunning 
clutch protects the starting motor at all tumes from 
being driven at high speeds by the engine before 
disengagement of the pinion. 


Remove Hydrostarter Motor 


1. Release the oil pressure in the hoses and the 
accumulator by opening the relief valve (Fig. 1) on 
the side of the hand pump. 


CAUTION: The oil pressure in the system must 
be released prior to servicing the Hydrostarter 
motor or other parts to prevent possible injury 
to personnel or equipment. 


2. Clean all of the exterior dirt from the Hydrostarter 
and the hydraulic hoses. 


3. Disconnect the remote control hose or linkage. if 
used. 


4. Disconnect the two hydraulic hoses from the 
starting motor. Cover the open ends of the hoses with 


masking tape to prevent the entry of dirt. 


5. Remove the three bolts and lock washers and lift the 
starting motor away from the flywheel housing. 


Disassemble Hydrostarter Motor 


With the exterior of the Hydrostarter motor cleaned. 
scribe marks on the drive housing. clutch housing. 
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valve plate and motor housing prior to disassembly to 
ensure their correct reassembly. Refer to Figs. 4 and 6 
and proceed as follows: 


|. Remove the two bolts and lock washers and lift the 
control valve assembly from the valve plate. Remove 
the body seal ring from the valve plate. 


2. Withdraw the control valve from the valve body. 


3. Remove the control valve plug only if the control 
valve body seals are to be replaced. If necessary. 
remove the valve seal rings from the valve body. being 
careful not to scratch or damage the valve body. 


4. Remove the four bolts and lock washers and slide 
the drive housing off the shaft. Remove the plug and 
the oll wick from the drive housing. 


5. Remove the four bolts and lock washers and 
separate the clutch housing and the clutch assembly 
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from the valve plate by sliding them off the shaft. 
Rotate the control shaft and disengage the overrun- 
ning clutch from the fork. 


6. Lift the clutch yoke from the drive clutch assembly. 
Remove the fork from the control shaft. 


7. Remove the torsion spring from the control shaft 
and pull the shaft from the clutch housing. Remove 
the seal rings from the control shaft. Remove the 
control lever only if broken or if its position on the 
control shaft is to be changed. 


8. On the Hydrostarter motors equipped with the 
former control valve assembly, shown in the inset in 
Fig. 4, remove the drive shaft oil seal washer from the 
starter shaft. 


9. Withdraw the motor housing and needle bearing 
assembly together with the end cover and bearing as 
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Fig. 4 - Cutaway View of Hydrostarter 
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Fig. 5 - Removing Snap Ring from Starter 
Shaft 


an assembly from the valve plate, being careful not to 
drop the pistons from the rotor. 


10. Remove the pistons from the rotor. 


11. Locate the shaft in an arbor press and, using 
spring compressor J 7187. press on the edge of the 
retainer to compress the spring as shown in Fig. 5. 
Then remove the snap ring. 


12. Remove the retainer and compression spring from 
the starter shaft. Then slide the rotor and the valve 
plate assembly otf of the starter shaft. 


13. Remove the starter shaft compression spring shims 
from the spring bore in the rotor. if used. 
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14. Remove the starter shaft oil seal from the valve 
plate only if it is leaking. 


15. Remove the seal ring from the motor housing. 


16. Remove the bolts and lock washers and separate 
the end cover. bearing and gasket as an assembly from 
the motor housing. 


17. Lift the bearing and collar assembly from the end 
cover. 


Inspect Hydrostarter Motor Parts 


Wash all of the parts in clean fuel oil and dry them 
with compressed air, with the exception of the drive 
clutch assembly. 


Examine the teeth and internal splines of the drive 
clutch assembly for excessive wear and replace if 
necessary. 


If the overrunning clutch slips. preventing positive 
pinion engagement, replace it unless the slippage is 
due to extremely cold weather which would cause the 
grease to set up and prevent the clutch from operating. 
Then wash it thoroughly in clean fuel oil to free the 
rollers in the clutch shell and lubricate with SAE 5W 
oil. Attach a tag to the starter. noting the lubricant 
used in the clutch assembly. 


NOTE: When replacing the drive clutch 
assembly. only the Delco Remy drive clutch 
assemblies are available for service and, if the 
unit did not incorporate a Delco Remy drive 
clutch before. it will be necessary to replace the 
drive housing also. 


Check the rotor and pistons for scoring or other 
damage. 
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Fig. 6 - Hydrostarter Motor Details and Relative Location of Parts 
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Replace the yoke if it is cracked or worn on the faces 
near slots. 


Replace the clutch fork if the trunnions or machined 
shank of the fork is bent, or are worn out of 
alignment. 


Replace the starter shaft oil seal if the lip is rough or 
hard. 


The rotor bearings (Fig. 4) should not require 
replacement: however, if they are worn excessively. а 
new motor housing and bearing assembly must be 
installed. 


Apply light engine oil to the end bearing. Then hold 
the inner race and revolve the outer race slowly by 
hand to check for rough spots. 


Replace the control shaft torsion spring or compres- 
sion spring if either 1s broken or damaged in any way. 


A square section. split. ring was used with the 
compression spring retainer on early Hydrostarter 
motors. The current type retainer is used with a round 
section. snap ring. The drive shaft was revised 
accordingly. When an early type shaft is replaced. a 
new spring retainer and snap ring are required. 


The current Hydrostarter motor incorporates а new 
design control valve assembly that may be identified 
by the threaded plug in the end of the valve housing. 
A tapped hole in the plug is provided for attachment 
of a flexible hose when a remote control is used, 
otherwise. a 1/8" - 27 vent plug is installed. A cup 
plug was pressed in the former valve housing. 


NOTE: The washer between the shaft seal and 
the clutch. yoke (see inset in Fig. 4) is used 
ONLY in the early Hydrostarter motors with 
the former type control valve. If the Hydro- 
starter motor is overhauled and a new control 
valve assembly is installed. remove the washer. 
However, if the control valve assembly 15 
replaced and the motor is not disassembled, the 
washer may be left in the motor. 


Assemble Hydrostarter Motor 


Refer to Figs. 4 and 6 and assemble the Hydrostarter 
motor as follows: 


NOTE: Do not reassemble a К.Н. starter for 
L.H. rotation. The drive clutch. for a R.H. 
starter will not drive at all if assembled on a 
L.H. starter. Similarly. the drive clutch for a 
L.H. starter will not drive if assembled on a 
R.H. starter. In both of these cases. the clutch 
will run free and will transmit no torque. The 
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J 7190 


Fig. 7 - Installing Hydrostarter Shaft Seal in 
Valve Plate 


clutch will be forced to run at excessive speeds 
with a full accumulator and no driving load. 


l. Place the bearing and collar assembly in the end 
cover, thrust collar side up. and attach the end cover to 
the motor housing with bolts and lock washers. Use a 
new gasket between the cover and the housing. 


2. If the shaft oil seal was removed, install a new seal 
in the valve plate with the lip of the seal facing in. 
using installer J 7190 (Fig. 7). The seal is properly 
positioned when the installer bottoms in the valve 
plate. Install the oil seal retaining ring in the ring 
groove in the valve plate. 


On the former valve plate that does not incorporate 
the shaft oil seal retaining ring groove. stake the seal 
in place in at least six places. 


3. Apply a thin coat of grease on the forward face of 
the starter shaft collar. then place the valve plate. seal 
side first, over the forward splined end of the starter 
shaft, followed by the rotor. shims (if used). 
compression spring and the spring retainer. 


4. With the assembly in an arbor press and using 
spring compressor J 7187 as shown in Fig. 5. instal] 
the snap ring in the shaft ring groove. 


On the current Hydrostarter motors. a .031" shim(s) is 
used on the starter shaft back of the compression 
spring as shown in Fig. 8. to limit the starter shaft 
travel and prevent the collar on the shaft from moving 
past the lip of the oil seal and damaging the seal when 
the shaft returns to its normal position. When 
reassembling a Hydrostarter motor. the starter shaft 
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Fig. 8 - Location of Starter Shaft Compression 
Spring Shim(s) 


should be checked as shown in Fig. 9. If the starter 
shaft travel is more than .100" , a 031" shim(s) must 
be placed back of the compression spring to limit the 
shaft travel. 


5. Insert the pistons, open end first, in the rotor. 


6. Install the seal ring on the valve plate. Then 
assemble the motor housing to the valve plate. noting 
the scribe marks previously made on the housing and 
the valve plate. 


7. Lubricate and install new seal rings on the control 
shaft and guide the shaft into the clutch. housing 
gently so as not to damage the seal rings. 


8. Install the torsion spring on the end of the control 
shaft. Apply grease to the fingers of the clutch fork 
and insert the shank of the fork into the control shaft. 


9. Apply grease to the slots of the yoke and to the 
spool of the drive clutch assembly. Then set the yoke 
in the collar of the drive clutch assembly. 


10. Grease the internal splines in the drive clutch 
assembly and the external splines on the starter shaft. 
Rotate the control shaft and insert the clutch fork 
irunnions into the slots of the yoke. Slide the oil seal 
washer, if used, onto the shaft. Then slide the 
assembly, yoke end first, over the starter shaft and 
engage the clutch and the shaft splines. 


NOTE: The starter shaft oil seal washer. 
mentioned in Step 10, is only used on 
Hydrostarter motor assemblies using the former 
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control valve assembly shown in the inset in 
Fig. 4. 


11. Align the scribe marks and the bolt holes of the 
motor housing, valve plate and clutch housing and 
install the attaching bolts and lock washers. 


12. Dip the oil wick in engine oil and insert the wick 
in the drive housing and secure it with the pipe plug. 


13. Align the scribe marks on the drive housing and 
the clutch housing. then secure the drive housing with 
bolts and lock washers. 


14. If removed, install new seal rings in the seal ring 
grooves inside the control valve body, then install the 
control valve body plug in the valve body and the vent 
plug in the body plug. 


NOTE: On a former control valve body. shown 
in the inset in Fig. 4. press the cup plug against 
the shoulder in the control valve body. 


15. Lubricate the control valve with engine oil, then 
start the contro] valve, slotted end out. straight in the 
control valve body and push it through the three seal 
rings in the body. 


16. Place a new seal ring in the counterbore of the 
valve plate, engage the roll pin in the slot of the 
control shaft and attach the control valve assembly to 
the valve plate with bolts and lock washers. 
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Fig. 9 - Checking Starter Shaft Travel 
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17. If removed. attach the control lever to the control 
shaft with bolts and lock washers. 


Install Hydrostarter Motor 


|. Attach the Hydrostarter motor securely to the 


flywheel housing with three bolts and lock washers. 
2. Connect the two hydraulic hoses to the starter. 
3. Connect the remote control hose or linkage, if used. 


NOTE: Make sure the hoses and fittings are 
clean before any connections are made. 


ENGINE-DRIVEN HYDROSTARTER CHARGING PUMPS 


Depending upon the engine application, either a direct 
engine-driven charging pump or a belt-driven pump is 
included in the Hydrostarter system to maintain the 
proper operating pressure. 


The charging pump runs continuously to maintain a 
pressure of approximately 2900-3300 psi in the 
accumulator. However. the pump must not be driven at 
à constant speed exceeding 2500 rpm. An unloading 
valve. contained within the pump body. bv-passes the 
pump discharge to the reservoir after the operating 
pressure is attained and, thereafter. permits the pump 
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to operate at less load. 


The pump. which will operate in either direction of 
rotation, will maintain the Hydrostarter system 
pressure. without appreciable loss. for long periods of 
time after the engine is shut down. 


A sediment bowl is installed in the suction hose to 
provide the necessary finer degree of filtration 
required to protect the engine-driven pump mecha- 
nism. The sediment bowl encloses a stacked disc type 
element that may be cleaned and reused. 
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Fig. 10 - Direct Engine-Driven Hydrostarter Charging Pump 


DIRECT ENGINE-DRIVEN CHARGING PUMP 


The direct engine-driven charging pump is a single- 
piston. posiuve displacement type. The ball check 


valves are automaucally controlled by the accumulator 
pressure. The pump shaft is supported оп ball 
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parts to prevent possible injury to personnel or 
equipment. 


2. Clean all of the exterior dirt from the pump and the 
hydraulic hoses. 


3. Disconnect the hydraulic hoses from the charging 
pump. Then cover the open ends of the hoses to 
prevent the entry of dirt. 


4. Remove the five bolts and lock washers securing the 
charging pump and mounting plate assembly to the 
flywheel housing (Fig. 11). Then remove the pump 
and mounting plate assembly. Remove the mounting 
plate gasket. 





Fig. 11 - Pump Drive Plate Mounting 
Disassemble Pump 
bearings and a seal, pressed into the pump bearing 
retainer, prevents leakage. The pump is attached to the With the pump removed from the engine, refer to 
flywheel housing and is driven by a drive plate bolted Figs. 10 and 12 and proceed as follows: 
to the camshaft or balance shaft gear (Fig. 11). | 
1. Remove the nut and lock washer and withdraw the 
pump drive from the shaft. 
Remove Pump 
2. Scribe marks on the mounting plate and the pump 


If required. remove the pump as follows: body prior to disassembly to ensure their correct 
reassembly. 
l. Release the oil pressure in the system by opening 
the relief valve (Fig. 1) on the side of the hand pump 3. Remove the three bolts and lock washers and 
about 1/2 turn. separate the mounting plate from the pump. Remove 
and discard the gasket. Withdraw the bearing retainer 
CAUTION: The oil pressure in the system must from the pump body. Remove and discard the second 
be released prior to servicing the pump or other gasket. 
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Fig. 12 - Direct Engine-Driven Charging Pump Details and Relative Location of Parts 





Page 10 


DETROIT DIESEL 53 


Hydrostarter 12.6.1 





4. Remove the shaft. bearings and fiber washer as an 
assembly from the pump body. 


5. If inspection reveals the bearings and fiber washer 
are worn excessively, remove them from the pump 
shaft for replacement by new parts. 


6. Remove the pump piston and the retaining spring 
from the pump body. 


7. Remove the pressure relief spring retaining plug, 
gasket. spring and spring seat. 


8. Remove the compression spring retaining plug, 
compression spring. pressure relief piston, washer, seal 
ring and back-up ring. 


9. Remove the pump outlet elbow, spacer, retainer and 
baffle. 


The helical spring, ball and cage may then be removed 
as an assembly. Remove the bafle. DO NOT separate 
the helical spring and ball from the cage. If the check 
valve on either side of the pump is defective. replace 
the complete check valve assembly. 

10. Remove the pump inlet elbow and the check valve 
retainer. Then remove the cage. ball and spring as an 
assembly. Remove the baffle. DO NOT separate the 
spring and ball from the cage. 


11. The pump-to-reservoir return elbow and plug may 
be removed, if necessary, to clean the pump body. 


12. Remove the oil seal from the bearing retainer if 
the seal is worn or damaged. 


Assemble Pump 


After cleaning, inspecting and replacing the necessary 
parts, refer to Figs. 10 and 12 and proceed as follows: 


|. Insert the spring seat and pressure relief spring in 
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Fig. 13 - Engine-Driven Hydrostarter Charging 
Pump Pressure Relief Piston Assembly 








PISTON 
BACK-UP RING 
SEAL RING 


INSTALLER 
WASHER 


Fig. 14 - Installing Pressure Relief Piston, 
Back-Up Ring, Seal Ring and Washer in 
Pump Body with Installer J 7192 


the pump body and lock them in place with а gasket 
and plug. 


2. Slide a new back-up ring, new seal ring and washer 
onto the end of the pressure relief piston, opposite the 
flat end. DO NOT slide the seal across the groove in 
the piston. 


3. Coat the back-up ring and seal ring liberally with 
hydraulic fluid. Then insert the relief piston assembly 
into the pump body. the flat end of the piston first. 
using installer J 7192. Apply manual force to the 
installer in order to gradually work the back-up ring 
and seal ring into the counterbore around the pressure 
relief piston. Care must be taken to avoid cutting the 
seal ring as it is worked into place. Refer to Figs. 13 
and 14. 


4. Remove the washer and inspect the work to make 
certain the seal ring is completely in the counterbored 
hole and that the pressure relief piston is down solidly 
against the spring seat. 


5. Reassemble the washer over the pressure relief 
piston and insert the compression spring and secure it 
in place with the plug. Use sealant (Permatex No. 2. 
or equivalent) sparingly on the threads of the plug. 


6. Insert the baffle. check valve assembly (with the 
spring end facing out) and the baffle into the pump 
body. Screw the check valve retainer into the body. 
against the baffle. and tighten it to 120-140 in-lb 
torque. 


7. Place the spacer in the body on top of the check 
valve retainer and install the pump outlet elbow. using 
sealant (Permatex No. 2. or equivalent) on the 
threads. DO NOT apply sealant on the last thread 
nearest the open end of the elbow. 
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Fig. 15 - Installing Pump Shaft Oil Seal in 
Bearing Retainer 


8. Insert the baffle and check valve assembly (with the 
spring end of the assembly in first) into the pump 
body. Screw the check valve retainer into the pump 
body against the check valve cage and tighten it to 
120-140 in-Ib torque. Install the pump inlet elbow. 
using sealant (Permatex No. 2. or equivalent) on all of 
the threads except the last one nearest the open end of 
the elbow. 


9. If the pump-to-reservoir return elbow and plug were 
removed. apply sealant to all except the first thread on 
the elbow and plug and reinstall them. 


10. Assemble the pump piston and retaining spring in 
the pump body. 


1. Install the bearing and shaft assembly in the pump 
body. Work the retaining spring up on the bearing. 


12. Affix a new gasket to the pump body and press the 
bearing retainer by hand into the pump body. 


13. Install a new oil seal in the bearing retainer as 
follows: 





a. Apply a thin coat of sealing compound to the 
outside diameter of the oil seal casing. 


b. Place the seal lip protector J 7191-3 over the shaft, 
lubricate the lip of the seal and slide the seal. lip 
side first. over the seal lip protector and down to 
the bearing retainer. 


c. Place the seal installer J 7191-1 over the seal lip 
protector J 7191-3. covering the threaded end of 
the shaft. Then press the seal in flush with the 
retainer surface. Refer to Figs. 10 and 15. 


14. Place a second gasket on the bearing retainer. 
Align the three bolt holes of the mounting plate. 
bearing retainer. pump body and both gaskets and 
secure the parts together with bolts and lock washers. 
Make sure the scribe marks previously made on the 
mounting plate and the pump body are aligned to 
ensure proper position of the pump when it 15 installed 
on the engine. 


15. Secure the pump drive on the shaft with a nut and 
lock washer. 


Install Pump 


Refer to Figs. 2 and 11 and install the pump as 
follows: 


1. Affix a new gasket to the flywheel housing using a 
non-hardening gasket cement on the flywheel housing 
side onlv. 


2. Align the tangs on the pump drive with the slots in 
the drive plate. Attach the pump and mounting plate 
securely to the engine with bolts and lock washers. 


CAUTION: Do not force the pump into place. 
Use of force. or ughtening the bolts when the 
mounung flange is not against the flywheel 
housing. will force the drive arm against the 
pump bodv and result in damage to the pump 
when the engine is started. 


3. Connect the hydraulic hoses to the pump. 


BELT-DRIVEN CHARGING PUMP 


The belt-driven charging pump (Fig. 16) is similar in 
design and operation to the direct engine-driven 
pump. but has a longer shaft to accommodate a drive 
pulley. 


Disassemble Pump 


With the pump removed from the engine. refer to 
Figs. 16 and 17 and proceed as follows: 


1. After removing the pulley retaining nut and lock 
washer. remove the pulley from the shaft. using a 
suitable puller. 


2. Scribe marks on the bearing retainer and pump 
body prior to disassembly to ensure their correct 
reassembly. 


3. Remove the three retaining bolts and lock washers. 
Separate the bearing retainer and pump shaft. 
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Fig. 16 - Belt-Driven Hydrostarter Charging 
Pump 


including the shaft bearings, as an assembly from the 
pump body. Remove and discard the pump body 
gasket, 


4. Press the pump shaft assembly from the bearing 
retainer using an arbor press or by tapping on the 


threaded end of the shaft with a plastic hammer. 


5. Н inspection. reveals the pump shaft bearings and 
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oil seal sleeve are worn excessively, remove them from 
the pump shaft for replacement by new parts. 


6. Remove the needle bearing and outer race. fiber 
washer, retaining spring, piston and thrust ring from 
the pump body. 


7. Remove the oil seal from the bearing retainer if the 
seal is worn or damaged. 


8. Remove the pressure relief spring retaining plug. 
gasket, spring and spring seat. 


9. Remove the compression spring retaining plug. 
compression spring, pressure relief piston, washer, seal 
ring and back-up ring. 


10. Remove the pump outlet elbow, spacer, retainer 
and baffle. The helical spring, ball and cage may then 
be removed as an assembly. Remove the baffle. DO 
NOT separate the helical spring and ball from the 
cage. If the check valve on either side of the pump is 
defective, replace the complete check valve assembly. 


11. Remove the pump inlet elbow and the check valve 
retainer. Then remove the cage, ball and spring as an 
assembly. Remove the baffle. DO NOT separate the 
spring and ball from the cage. 


12. The pump-to-reservoir return elbow and plug may 
be removed. if necessary, to clean the pump body. 
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Fig. 17 - Belt-Driven Charging Pump Details and Relative Location of Parts 
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Fig. 18 - Installing Pump Shaft Oil Seal in 
Bearing Retainer 


Assemble Pump 


After cleaning. inspection and replacing the necessarv 
parts, refer to Figs. 16 and 17 and proceed as follows: 


l. Insert the spring seat and pressure relief spring in 
the pump body and lock them in place with a gasket 
and plug. 


2. Slide a new back-up ring. new seal ring and washer 
onto the end of the pressure relief piston. opposite the 
flat end. DO NOT slide the seal across the groove in 
the piston. 


3. Coat the back-up ring and seal ring liberally with 
hydraulic fluid. Then insert the relief piston assembly 
into the pump body. the flat end of the piston first. 
using installer J 7192. Apply manual force to the 
installer in order to gradually work the back-up ring 
and seal ring into the counterbore around the pressure 
relief piston. Care must be taken to avoid cutting the 
seal ring as it is worked into place. Refer to Figs. 13 
and 14. 


4. Remove the washer and inspect the work to make 
certain the seal ring 1s completely in the counterbored 
hole and that the pressure relief piston 1s down solidlv 
against the spring seat. 


5. Reassemble the washer over the pressure relief 
piston and insert the compression spring and secure it 
in place with the plug. Use sealant (Permatex No. 2. 
or equivalent) sparingly on the threads of the plug. 


6. Insert the baffle. check valve assembly (with the 
spring end facing out) and baffle into the pump body. 
Screw the check valve retainer into the body, against 
the baffle, and ughten it to 120-140 in-Ib torque. 


7. Place the spacer in the pump body on top of the 
retainer and install the pump outlet elbow, using 
sealant (Permatex No. 2, or equivalent) оп the 
threads. DO NOT apply sealant on the last thread 
nearest the open end of the elbow. 


8. Insert the baffle and check valve assembly (with the 
spring end of the assembly in first) into the pump 
body. Screw the check valve retainer into the pump 
body against the check valve cage and tighten it to 
120-140 in-lb torque. Install the pump inlet elbow. 
using sealant (Permatex No. 2 or equivalent) on all of 
the threads except the last one nearest the open end of 
the elbow. 


9. If the pump-to-reservoir return elbow and the plug 
were removed. apply sealant to all except the first 
thread on the elbow and plug and reinstall them. 


10. Install the thrust ring in the counterbore of the 
pump body. Lay the fiber washer on the thrust ring. 


11. Assemble the pump piston and the retaining spring 
in the pump body. 


12. Install the needle bearing with its outer race in the 
retaining spring. 


NOTE: The current belt-driven pumps incorpo- 
rate a 5/8". diameter shaft. Former pumps used 
on 11/16" diameter shaft. When an old pump 
assembly or shaft is replaced by a current pump 
or shaft, a new pulley with a 5/8" bore must 
also be provided. The diameter of the pulley 
must be such that the pump will not exceed a 
constant speed of 2500 rpm. 


13. Slide the end of the pump shaft assembly through 
the needle bearing. and the fiber washer into the 
thrust ring. 


14. Affix a new gasket to the pump body. Assemble the 
bearing retainer to the pump body. Align the scribe 
marks previously made on the retainer and pump 
body and install the retaining bolts and lock washers. 


15. Install a new oil seal in the bearing retainer as 
follows: 


a. Apply a thin coat of sealing compound 10 the 
outside diameter of the oil seal casing. 


b. Place the oil seal lip protector J 7191-2 over the 
shaft. lubricate the lip of the seal and slide the 
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seal. lip side first. over the oil seal lip protector 
and down to the bearing retainer. 


c. Place the oil seal installer J 7191-1 over the seal 
lip protector J 7191-2. covering the threaded end 
of the shaft. Then press the seal in flush with the 


outer face of the retainer. Refer to Figs. 16 and 
18. 


16. Install! the pulley on the shaft. 


17. Install the charging pump on the engine and 
connect the hydraulic hoses to the pump. 


HAND PUMP 


The hand pump (Fig. 19). is a single piston double- 
acting positive displacement type. It is mounted in 
such a manner that the pumping action is never in a 
vertical direction and the handle clears all obstructions 
throughout its complete stroke. The handle may be 
removed and stored when the pump is not in use. 


The hand pump is used to provide the initial hydraulic 
pressure for а new Hydrostarter installation or to 
build-up the pressure in the Hydrostarter system if it 
has been released for any reason. 


Flow through the pump is controlled by ball check 
valves. A manually operated relief valve is provided in 
the hand pump to release the pressure when servicing 
of any of the components in the Hydrostarter system 1s 
required, 
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Remove Hand Pump 


Remove the hand pump as follows: 


l. Release the pressure in the Hydrostarter system by 
opening the relief valve (Fig. 19) on the side of the 
pump approximately 1/2 turn. 


CAUTION: The oil pressure in the system must 
be released prior to servicing the hand pump or 
any other components of the system to prevent 
possible injury to personnel or equipment. 


2. Clean all of the exterior dirt from the hand pump 
and the hydraulic hoses. 


3. Disconnect the hvdraulic hoses at the pump. 
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Cross Sections of Hydrostarter Hand Pump 
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4. Remove the attaching bolts and lock washers and 
lift the pump from its mounting. 


Disassemble Hand Pump 


l. Withdraw the handle from the pump cam. Release 
the rubber boot from the pump body by removing the 
retaining ring. 


2. Remove the two spring retainers and withdraw the 


pin. 


3. Withdraw the cam and boot from the pump body. 


4. Remove the four plugs. compression springs and 
check valve balls. 


5. Remove the two plugs and metal gaskets and 
withdraw the piston. with the back-up rings and seal 
rings, from the pump body. 


6. Remove the relief valve and ball. The pump inlet 
and outlet elbows and remaining plugs may be 
removed, if necessary. in order to clean or inspect the 
pump body. 

7. Remove the seal rings and the seal back-up rings 
from the piston. 


Assemble Hand Pump 


After an initial cleaning. inspect the pump parts. Stone 


the check valve ball seats in the pump body. if 


necessary. Then thoroughly clean the pump parts and 
reseat the balls in the pump body. using a non- 
hardened steel rod. Assemble the pump as follows: 


1. Thoroughly soak new back-up rings in warm oil 
prior to installation. Slide the back-up rings and new 
seal rings on the piston. 


2. Insert the piston in the pump body. notched side up. 
and secure it in place with plugs and new metal 
gaskets. 


3. Clean and install the four check valve balls and 
springs. Install the retaining plugs. 


4. If the pump inlet and outlet elbows and plugs were 
removed, reinstall them in the pump body. Use 
Permatex No. 2, or equivalent. on all male threads 
except the thread nearest to the open end. 


5. Assemble a new seal ring on the relief valve, then 
insert the ball in place and secure it with the relief 
valve and lock nut. 

6. Install the cam and insert the pin through the pump 
body and cam. Install the spring retainers on the pin. 
Install the rubber boot and secure it with a retaining 
ring. 


7. Slide the handle into the cam. 


Install Hand Pump 


1. Secure the pump to its mounting with the attaching 
bolts and lock washers. 


2. Refer to Fig. 1 and connect the two hydraulic hoses 
to the pump. 


NOTE: Make sure the hoses and fittings are 
clean before any connections are made. 


ACCUMULATOR 


Three different types of accumulators (Fig. 20) have 
been used with the Hydrostarter system. The 
accumulator consists of a heavy duty shell assembly 
and piston designed to hold the nitrogen pressure for 
an extended period of time. 


The accumulator is preloaded with nitrogen through a 
small valve and sealed at the time of manufacture. A 
seal ring is assembled in the groove of the piston. 
between two teflon (formerly leather) back-up rings. to 
prevent the nitrogen from entering the hydraulic 
system. The nitrogen is stored in the air valve end of 
the accumulator and the fluid is discharged at the 
opposite end. 


A rubber seal ring and a teflon (formerly leather) 
back-up ring are used at each cap to prevent the 


escape of fluid and nitrogen from the shell. Nitrogen 
is used because it is an inert gas that will not rust or 
corrode the piston or the accumulator. Also. it is 
inexpensive. non-toxic. non-explosive and readily 
available. 


Oil enters the accumulator under pressure from either 
the engine-driven pump or the hand pump and forces 
the piston back. compressing the nitrogen gas and 
storing the energy to operate the system. 


The accumulator is available in either 1-1/2 or 2-1/4 
gallon capacity. 


If a longer cranking period is desired. two or more 
accumulators may be connected їп parallel. provided 
that a reservoir of sufficient capacity is used. 
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Fig. 20 - Cross Section of Typical Accumulators 


Service replacement accumulators are supplied with а 
precharge of nitrogen (1250 + 50 psi). 


Remove Accumulator 


1. Release the oil pressure in the hoses and the 
accumulator by opening the relief valve (Fig. 1) on 
the side of the hand pump. 


CAUTION: The oil pressure in the Hydrostarter 
system must be released prior to servicing the 
accumulator or other components to prevent 
possible injury to personnel or equipment. 


2. Clean all of the exterior dirt from the accumulator 
and the hydraulic hoses. 


3. Disconnect the hydraulic hose at the accumulator. 


4. Remove the pressure gage and the fittings from the 
fluid end cap of the accumulator. 


5. Remove the attaching U bolts and lift the 
accumulator from its mounting. 


Disassemble Accumulator 


Normally. no maintenance of the accumulator 1s 
required other than painting to resist external 
corrosion. However, if there is a loss of the nitrogen 
precharge pressure due to a leaky air valve. indicated 
by bubbles in a soap solution applied around the 
valve. or due to leakage past the piston. indicated by 


bubbles and foaming in the reservoir. replace either 
the air valve or the piston seal rings as required. Seal 
rings between the end cap and the shell will rarely 
require replacement. unless the accumulator is 
disassembled. 


l. If a defective air valve was the cause of leakage. 
remove the air valve cover (Fig. 20) from the 
accumulator cap and the air valve cap from the air 
valve. Loosen the 5/8" hex swivel nut on the air valve 
stem approximately 1-1/2 turns and then depress the 
valve core to release any remaining nitrogen pressure 
before removing the air valve. Remove the valve and 
replace it with a new part. 


However. if damaged piston and cap seal rings are 
surmised, continue with the disassembly. 


2. Remove the accumulator caps from the shell with a 
strap wrench, then push the piston out of the shell by 
hand. 


On the former accumulator (TYPE I or 2). remove the 
cap from the shell with a strap wrench, then insert a 
rod through the tapped hole in the fluid end or air 
valve end of the shell and push the piston out of the 
shell. Do not damage the threads in the accumulator 
with the rod. 


3. Remove and discard the seal ring and the back-up 
rings from the piston. 


4. Remove and discard the seal rings and the back-up 
rings from the shell. 
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Fig. 21 - Proper Installation of Teflon Back-up 
Ring 


Assemble Accumulator 


After cleaning the shell, piston and cap thoroughly. 
assemble the accumulator as follows: 


l. Install new teflon back-up rings (Fig. 20) and new 
seal rings (“O” rings) in the grooves of the shell. with 
the seal ring nearest the open end of the shell 
(Fig. 21). 


NOTE: lt is important that the teflon seal be 
installed in the ring groove of the shell so that 
the open ends do not catch on the threads of 
the steel cap when it is threaded into the end of 
the shell. Lubricate the seal ring and the sealing 
surface of the end cap with engine oil before 
installing the cap. Reverse positioning of the 
open ends of the back-up ring can cause contact 
between the ends and the cap itself. This can 
cause the back-up ring to buckle and result in 
an improper seal ring seal when the cap is 
threaded on the shell. 


2. On the current TYPE 3 accumulator. install the 
fluid end cap on the shell. being careful not to damage 
the seal ring. 


3. Assemble a new seal ring between the two new 
teflon back-up rings in the piston ring groove. To 
insure correct positioning of the seal ring (7O" ring) 
and the two teflon back-up rings. it is recommended 
that а suitable ring compressor with а diameter 
capacity of 3-1/2" to 7" and a 3-1/2" high 
compression band be used. 


4. Install the ring compressor on the piston and rings 
and place the entire assembly on the open end of the 
shell (Fig. 22). Lubricate the inner surface of the ring 
compressor and the beginning inner region of the shell 





with engine oil to reduce friction between the piston 
and the shell. 


5. Carefully drive the piston into the shell with a 
hammer and block of wood. tapping gently to slowly 
move the seal ring and back-up rings across the 
chamfered edge of the shell. 


a. On TYPE 1 and 3 accumulators, slide the piston. 
crown side first. into the shell. 


On a TYPE 2 accumulator. slide the piston. crown 
side facing out. into the shell. 


b. On TYPE ! and 3 accumulators, install the 
nitrogen end cap on the shell. 


On a TYPE 2 accumulator. install the fluid end 
cap on the shell. 


6. Install the fittings and pressure gage in the fluid end 
cap. Use sealant (Permatex No. 2. or equivalent) on 
all male threads except the thread nearest the open 
end. 


Install Accumulator 


1. Secure the accumulator to its mounting with the U 
bolts. 


RING 
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Fig. 22 - Installing Piston in Accumulator 
Shell 
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2. Connect the hydraulic hoses to the accumulator. 


NOTE: Make sure the hoses and fittings are 
clean before any connections are made. 


Charge Accumulator 


Use the following procedure in precharging an 
accumulator with commercial nitrogen. 


1. Attach the gage end of charging kit J 6714-02 to the 
nitrogen tank (Fig. 23). 


2. Remove the air valve cover (Fig. 20) from the 
accumulator cap and the cap from the air valve. 


3. Install the air valve stem extension on the air valve. 


4. Completely back-off the shaft pin in the air check 
valve connector on the charging kit hose and install 
the connector on the air valve stem extension. Draw 
the swivel nut up tight. 


5. Loosen the 5/8" hex lock nut on the accumulator 
air valve stem by turning it counterclockwise. Do not 
turn the lock nut more than one and one-half turns. 


6. Turn the shaft pin in the air check valve connector 
clockwise until the valve core in the air valve is 
depressed. 


7. Charge the accumulator by opening the valve on the 
nitrogen tank and allow a small flow of nitrogen to 
enter the accumulator until the charging kit gage 
registers 1300 psi. Close the nitrogen tank valve. 


To check the precharge pressure during charging. 
simply shut off the valve to the nitrogen tank. allow a 
small increment of time for the pressure to stabilize 





Fig. 23 - Charging Accumulator with Charging 
Kit J 6714-02 


and the pressure indicated on the gage is the 
accumulator precharge pressure. 


8. Back-off the shaft pin in the air check valve апа 
üghten the 5/8" hex lock nut on the accumulator 
valve stem. This isolates the pressure in the charging 
kit hose. 


9. Depress the bleed-off valve on the pressure gage to 
reduce the pressure in the hose to zero. 


10. Repeat Steps 5 and 6 to check for a precharge 
pressure of 1250 psi. 

L1. Disconnect the accumulator charging kit from the 
accumulator and from the nitrogen tank. 

12. Check for gas leakage by applying a soap solution 
to the accumulator valve stem. 


13. Replace the cap on the air valve and install the air 
valve cover on the accumulator cap. 


14. Make sure a caution decal is on the accumulator. 
The decal states: This vessel pre-charged to 1250 psi 
with dry nitrogen. 


RESERVOIR 


The reservoir consists of a cylindrical steel tank of 
sufficient capacity to hold the entire oil supply for the 
Hydrostarter system. А filler cap and breather 
assembly, with a dry-type filter, is located at the top of 
the reservoir. A fine mesh screen at the reservoir outlet 
filters all of the fluid flowing to the suction side of the 


pump. 


Reservoirs are available in two basic shapes to fit 
various installations. There are three sizes of 
reservoirs: 10. 12. or 23 quart capacity. The size of the 
reservoir used depends upon the requirements of the 
particular Hydrostarter installation. 


The supply hoses (Fig. 1) leading to ihe engine-driven 
pump and the hand pump are connected to the screen 
at the bottom of the reservoir. A return hose from the 
engine-driven pump connects to the top of the 
reservoir. while a drain hose from the Hydrostarter 
motor is connected to the fitting at the side of the 
reservoir. 


The reservoir must be mounted twith the filler cap at 
the top) so that the outlet at the bottom of the tank is 
not more than 36" below nor 12" above the inlet of 
the engine-driven pump. 
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The reservoir requires very little attention other than 
periodically draining and flushing the old fluid out 
and cleaning the screen. After cleaning, fill the 
reservoir with new clean fluid. Make certain that the 


oil level is sufficient to completely cover the screen at 
the bottom of the reservoir. This check is made after 
the accumulator is charged and the engine-driven 
pump is by-passing oil to the reservoir. 


FUEL SYSTEM PRIMING PUMP 


К 
FUEL PLUNGER 


OUTLET BODY WASHER PLUNGER sas KNOB 


Fig. 24 - Fuel System Priming Pump and 
Relative Location of Parts 


The small compact priming pump (Fig. 24) is used to 
permit the operator to prime the injectors. Before 





starting the engine, the operator must make sure 
ample fuel is present in the injectors, fuel lines, fuel 
filters and fuel manifolds. 


The priming pump requires very little service other 
than an occasional cleaning of the ball check valves in 
the inlet and outlet passages of the pump or 
replacement of the seal rings. To clean the ball check 
valves, remove the plugs, springs and ball check valves. 
Clean the parts with fuel oil and reinstall them in the 


pump. 


To replace the seal rings, loosen the lock nut and 
withdraw the plunger. Discard the oil seal rings. Install 
new seal rings and insert the plunger carefully in the 
pump body. Tighten the lock nut. 


HYDRAULIC REMOTE CONTROL SYSTEM 


The hydraulic remote control system consists of a 
master cylinder. a pedal. a lever arm, two springs and 
a flexible hose. It is an independent hydraulic system 
using diesel fuel оп as the hydraulic fluid to actuate 
the Hydrostarter control valve by means of the 
manually operated master cylinder. 


The master cylinder (Figs. 25 and 26) is a single 
piston, positive displacement type of mechanism and 
is connected to the control valve on the Hydrostarter 
by a flexible hose. The fluid displaced by the piston is 
ported to the rear of the control valve. 


Hydraulic pressure opens the control valve and 
engages the starter pinion with the engine flywheel 
ring gear in the proper sequence. 


The master cylinder may be located at any desired 
location. However. for distances greater than 15 feet. 
1/4" O.D. steel or copper tubing must be used 
between the flexible hose and the master cylinder. The 
flexible hose is always connected to the Hydrostarter 
control valve housing. 


Current Hydrostarter motors are equipped with a 
control valve that incorporates a threaded valve 
housing plug with a 1/8" - 27 tapped hole in the 
center for installation of the flexible hose. А 1/8" - 27 
vent plug is installed when the remote control system 
is not used. A cup plug was used in the valve housing 
on former Hydrostarter motors. 


ADJUST TO GIVE 
3.31% MAXIMUM 
TRAVEL AT "A" 


MASTER CYLINDER 


V4" COPPER OR STEEL 
PEDAL RETURN 


SPRING. 
(NITIAL TENSION 15 LBS.) 








J 
Калы 
С 


STARTER CONTROL 


ACCUMULATOR 
LEVER RETURN 


SPRING 
(INTIAL TENSION 15 LBS.) 


£ \ 2686 


Fig. 25 - Hydraulic Remote Control System for 
Hydrostarter 


STARTER 
CONTROL VALVE 
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UNS 
GASKET (o PLUG 


GREASE REDUCING 
FITTING BUSHING 


RETAINER 


PUSH ROD CHECK VALVE 
ASSY. PISTON ASSY. : GASKET 





Fig. 26 - Hydraulic Starter Remote Control Master Cylinder Details and Relative Location of Parts 


Springs are used to return the master cylinder piston 
and the Hydrostarter control lever to the off position. 
The springs have an initial tension of 15 tbs (Fig. 25). 


The master cylinder lever arm must be adjusted to 
give the piston push rod a maximum travel of 1.31" 
(Fig. 25). The Hydrostarter control valve must be free 
to open to a minimum of 1-1/16" . 


The Hydrostarter remote control. system may be 
purged of air as follows: 


і. Fill the master cylinder with fuel oil. 


2. Loosen the hose fitting at the Hydrostarter control 
valve. 


3. Actuate the master cylinder pedal until all of the air 
is discharged from the system and a solid stream of 
fuel oil is being discharged with each stroke. 


NOTE: Replenish the fluid in the master 


cylinder as required during the purging 
operation. 


4. Tighten the hose fitting and check for leaks. 


LUBRICATION AND PREVENTIVE MAINTENANCE 


Inspect the system periodically for leaks. Primarily. 
examine the high pressure hoses. connections, fittings 
and the control valve on the starter. Make certain that 
the oil level in the reservoir is sufficient to completely 
cover the screen at the bottom of the tank. Make this 
check after the accumulator is charged and the engine- 
driven pump is by-passing oil to the reservoir. 


Every 2000 hours, or as conditions warrant, drain the 
reservoir and remove the screen. Flush out the 
reservoir and clean the screen and filler сар. Then 
reinstall the screen. 


Remove the bow! and element from the filter in the 
engine-driven pump supply hose (Fig. 1). Wash the 
bowl and element in clean fuel oil and reassemble the 
filter. 


Release the pressure and drain the remaining 
hydraulic fluid from the system by disconnecting the 
hoses from the Hydrostarter components. Then 
reconnect all of the hydraulic hoses. 


CAUTION: The oil pressure in the system must 
be released prior to servicing the Hydrostarter 
motor or other components to prevent possible 
injury to personnel or equipment. 


NOTE: Make sure all hoses and fittings are 
clean before any connections are made. 


Fill the Hydrostarter system with. new clean fluid as 
recommended. 


Lubrication 


Remove the Hydrostarter from the engine every 2000 
hours for lubrication. Before removing the Hydro- 
starter. release the pressure in the system by means of 
the relief valve in the hand pump. Then remove the 
three bolts that retain the starting motor to the 
flywheel housing. Remove the starting motor without 
disconnecting the hydraulic hoses. This will prevent 
dirt and air from entering the hydraulic system. 
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Apply a good quality. lightweight grease on the drive 
clutch pinion to make sure the clutch will slide freely 
while compressing the spring. Also apply grease to the 
fingers of the clutch. fork and on the spool of the 
clutch yoke engaged by the fork. This lubrication 
period may be reduced or lengthened according to the 
severity of service. 


Remove the pipe plug from the starting motor drive 
housing and saturate the shaft oil wick with engine oil. 
Then reinstall the plug. 


After lubricating, install the starüng motor on the 
flywheel housing and recharge the accumulator with 
the hand pump. 


On units equipped with a hydraulic remote control 
system, lubricate the shaft in the master cylinder 
through the pressure grease fitting every 2000 hours. 


Cold Weather Operation 


Occasionally, when an engine is operated in regions of 
very low temperatures, the starter drive clutch 
assembly may slip when the starter is engaged. If the 
clutch slips, proceed as follows: 


|. Release the oil pressure in the system by opening 
the relief valve in the hand pump. 


CAUTION: The oil pressure in the system must 
be released prior to servicing the Hydrostarter 
motor or other components to prevent possible 
injury to personnel or equipment. 


2. Disconnect the hydraulic hoses from the starting 
motor. 


3. Remove the three retaining bolts and lock washers 
and withdraw the starting motor from the flywheel 
housing. 


4. Disassemble the starting motor. 


5. Wash the Hydrostarter drive clutch assembly in 
clean fuel oil to remove the old lubricant. 


6. When the clutch is free, apply SAE 5W lubricating 
он. 


7. Reassemble the starting motor and reinstall it on 
the engine. Then attach a tag to the starter noting the 
lubricant used in the clutch. 


8. Recharge the accumulator with the hand pump. 


Marine Application 


In addition to the normal Hydrostarter lubrication and 
maintenance instructions, the following special precau- 
tions must be taken for marine installations or other 
cases where equipment 1s subject to salt spray and air, 
Or other corrosive atmospheres: 


1. Clean all exposed surfaces and apply a coat of zinc- 
chromate primer, followed by a coat of suitable paint. 


2. Apply a liberal coating of Lubriplate. type 130-AA, 
or equivalent, to the following surfaces. 


a. The exposed end of the starter control valve and 
around the control shaft where it passes through 
the clutch housing (Fig. 4). 


b. The exposed ends of the hand pump cam pin 
(Fig. 19). 


3. Operate all of the moving parts and check the 
protective paint and lubrication every week. 


Trouble Shooting 


The ability of the Hydrostarter system to provide 
positive starts under all conditions. with little service 
over a long period of time. depends primarily on 
proper maintenance. 


Certain abnormal conditions that may interfere with 
the satisfactory performance of the Hydrostarter 
system, together with the methods of determining the 
cause of such conditions. are covered in the Trouble 
Shooting Charts in Section 12.0. 


Service 


Before any work is performed, the oil pressure in the 
Hydrostarter system must be released to prevent 
possible injury to personnel or equipment. 


Remove all of the exterior dirt before any portion of 
the hydraulic system is opened. Dust, dirt or other 
foreign material must never be allowed to enter the 
system, 
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TROUBLE SHOOTING - SPECIFICATIONS - SERVICE 
TOOLS 


TROUBLE SHOOTING (Hydrostarter) 


LOW OR NO ACCUMULATOR PRESSURE 


ENGINE DRIVEN PUMP FAILS TO RAISE PRESSURE 
Probable Causes 











1. AIR IN SYSTEM 4. CHECK VALVES NOT 
FUNCTIONING PROPERLY 
2. LOW FLUID LEVEL 


3. SCREEN OR FILTER 
PLUGGED 


SUGGESTED REMEDY 





5. DRIVE BELT SLIPPING 
(BELT DRIVEN PUMP) 





6. DRIVE ARM DEFECTIVE 
(DIRECT DRIVEN PUMP) 



















l. To purge the engine driven pump of air: 2. The fluid level in the reservoir must be sufficient to 

completely cover the screen at the bottom of the tank 

| { : after the accumulator is charged and the engine- 

a. Operate the engine at maximum no-load engine driven pump is by-passing a full stream of fluid to the 
speed. reservoir. 











b. Break the hose connection at the discharge side of 3, Remove and clean the reservoir screen and flush out 
the engine-driven pump until a full stream of oil the reservoir tank. Also clean the filter located in the 
is discharged from the pump. supply hose between the reservoir and the engine 

driven pump. 

c Connect the hose to the pump and alternately 
loosen and tighten the swivel fitting on the 4, Open the relief valve on the side of the hand pump. 
discharge hose until oil leaking out. when the while the engine is running, to permit the engine- 
fitting 1s loose. appears free of air bubbles. driven pump to wash the check valves free from 

. "n parucles. 

d. Tighten the fitting securely and observe the 
pressure gage. The pressure must rise rapidly 10 [f the accumulator can be charged with the hand 
the accumulator precharge pressure (1250 psi at pump but not with the engine-driven pump, then а 
70°F.) then increase slowly to 2900 to 3300 psi in 6 check valve in the engine pump is defective. Replace 
to 10 minutes, depending upon the size of the the faulty check valve assembly. 
particular accumulator. If the accumulator pres- Ё 
sure does not rise. make certain that the hand 5. Adjust or replace the drive belt if necessary. 
pump relief valve is closed after the pressure is 

released and repeat the above purging procedure. — 6. Replace the pump drive arm. 
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CRANKING SPEED TO LOW 


Probable Causes 


1. HYDROSTARTER SYSTEM FLUID 
TOO HEAVY 


2. ENGINE OIL TOO HEAVY 





l. Check the mixture of fluid in the system. Use fluid 
consisting of 75% diesel fuel and 25% SAE 10 or 30 
lubricating oil. 


2. Replace the oil with the proper viscosity grade. 
Refer to the Engine Lubricating Oil Specifications in 


Chart 3 


SUGGESTED REMEDY 


3. CONTROL VALVE NOT FULLY 
OPEN 





Section 13.3. 


3. Check the travel of the control valve located on the 
side of the starter. Minimum travel is 1-1/16". 
Remove any obstruction preventing sufficient control 
valve or control lever handle travet. 


LOSS OF FLUID FROM RESERVOIR 


Probable Causes 


1. EXTERNAL LEAKS 


2. WORN STARTER SHAFT SEAL 


3. DEFECTIVE GASKET UNDER 
STARTER COVER 





1. With pressure in the system. check all hoses and 
fittings for leaks. Tighten or replace the fittings and 
any defective parts. 


2. Remove the starter after releasing the system 
pressure and observe the inside of the clutch housing. 
If evidence of system fluid is found, replace the shaft 
seal. 


3. Operate the starter. During the cranking cycle. 
watch closely for fluid leaking around the cover or any 
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SUGGESTED REMEDY 


4. WORN SHAFT SEAL 
(BELT DRIVEN PUMP) 


5. WORN SHAFT SEAL 
(DIRECT DRIVEN PUMP) 





of the retaining bolts. 


4. While the pump is by-passing at full system 
pressure. examine the shaft for evidence of leaks. 
Replace the seal if necessary. 


5. After the pump has been by-passing at full system 
pressure, remove the pump from the flywheel housing 
and examine the back of the mounting plate near the 
seal for evidence of leaks. Replace the shaft seal if 
necessary. 
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LOSS OF FLUID PRESSURE 
WHEN ENGINE IS NOT RUNNING 


Probable Causes 





1. AMBIENT TEMPERATURE DECREASE 


2. ENGINE DRIVEN PUMP CHECK 
VALVES NOT HOLDING 


3. HAND PUMP VALVES NOT HOLDING 


4. DAMAGED SEAL RING IN STARTER 
CONTROL VALVE SHOWN BY 
EXTERNAL LEAKAGE 





1. A drop in temperature will decrease the nitrogen 
pressure. Adjust the pressure as needed for cranking 
requirements by use of the hand pump. 


2. Disconnect the return hose and inlet hose from the 
engine-driven pump. Leakage from the inlet fitting 
means that both check valves are defective. Leakage at 
the return fitting only means that the outlet check 
valve is defective. Replace the defective check valve 
assembly(s). 


3. Disconnect the inlet hose from the hand pump. 
Leakage from the inlet fitting means that either the 
relief valve alone or both the inlet and outlet check 
valves are defective. Stone and clean the ball seats in 
the pump body and replace the balls and springs if 
necessary. 


4. Remove the control valve from the starter and 





SUGGESTED REMEDY 


5. DAMAGED MIDDLE SEAL RING IN 
STARTER CONTROL VALVE, NO 
VISIBLE EXTERNAL LEAKAGE 


6. EXTERNAL LEAKAGE IN SYSTEM 


i 





7. STARTER CONTROL VALVE OUT 
TIME - BENT SHIFTING FORK 


8. LOSS OF ACCUMULATOR PRE- 
CHARGE (NITROGEN) 








replace the seal ring. 


5. Disconnect the return hose from the starter. Use the 
hand pump to raise the pressure if necessary. If fluid 
leaks from the return fitting when the control valve is 
closed, the middle seal ring is damaged. Remove the 
control valve and replace the seal ring. 


6. Examine all hoses and fittings for leaks. Tighten or 
replace the fittings and any defective parts. 


7. With the control valve closed, check the length of 
the piston protruding beyond the valve body. The 
correct length is 7/8" + 1/32". If the length is 
incorrect, the shifting fork may be bent or the nylon 
yoke between the fork and the clutch collar may be 
damaged. Replace the faulty parts. 


8. See Chart 7. 


a a  —————————г——— —— — ———г ——————————-————— 
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Chart 5 





| HAND PUMP FAILS TO DISCHARGE FLUID | 








Probable Causes 





1. MANUAL RELIEF VALVE OPEN ‚ AIR IN SYSTEM 


| 2. CHECK VALVES LEAKING | . DIRT IN PUMP 


e 


3. RESERVOIR SCREEN PLUGGED | . PISTON SEAL RINGS 
DAMAGED 


4. FLUID LEVEL LOW | 
































SUGGESTED REMEDY 
1. Close the relief valve. a. Relieve any system pressure. then disconnect the 


outlet hose from the hand pump. 
2. If caused by dirt, open the relief valve and operate 


the hand pump slowly for a few minutes to wash the b. Close the manual relief valve and operate the 
particles out of the check valves. If this is unsuccessful, pump until fluid is discharged when stroking in 
stone and clean the ball seats in the pump body and both directions. 
replace tbe balls and springs if necessary. 

c. Reconnect the outlet hose. 
3. Remove and clean the reservoir screen, flush the 
reservoir tank and reassemble. 


6. See Item 2. 
4. See Chart l. Item 2. 


5. To purge the hand pump of air: 7. Replace the seal rings. 
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Chart 6 


Trouble Shooting 12.0 


STARTER TURNS BUT ENGINE DOES NOT 


1. PINION NOT ENGAGING 
FLYWHEEL RING GEAR 

2. PENION CLUTCH SLIPPING (COLD 
WEATHER OR HEAVY LUBRICANT) 





1. Check the shifting fork. If the fork is bent, replace 
it. 


2, Wash out the heavy lubricating oil and replace it 
with SAE SW or SAE 10 oil. 


3. Replace the clutch. If a mechanical linkage is - 


attached to the control lever. add sufficient. spring 
force to assure that the clutch is withdrawn from 


Chart 7 


SUGGESTED REMEDY 


3. OVERRUNNING CLUTCH BURNED 
OUT 


4. STARTER ASSEMBLED WRONG 





engagement, and that the control valve is returned to 
the shut-off position. If no mechanical linkage 15 used, 
disengage the starter as soon as the engine starts. 
Prolonging the period during which the clutch 
overruns will reduce clutch life. 


4. The starter may be assembled for L.H. rotation but 
with a R.H. overrunning clutch. Remove the starter 
and assemble it correctly. 


LOSS OF ACCUMULATOR PRECHARGE (NITROGEN) 





Probable Causes 





1. DAMAGED SEAL RING ON PISTON 


2. DEFECTIVE AIR VALVE 





1. With some nitrogen precharge but no fluid pressure 
in the system, bubbles and foaming in the reservoir 
indicate that the nitrogen is leaking past the seal ring 
on the accumulator piston. Overhaul the accumulator. 


2. Release the pressure in the system by opening the 
relief valve on the side of the hand pump. Then. 
loosen the hex lock nut on the nitrogen valve 
approximately 3/4 turn to release the remaining 


SUGGESTED REMEDY 


3. DAMAGED SEAL RING BETWEEN 
SHELL AND END CAP 





precharge before attempting to remove the valve from 
the accumulator. Replace the air valve. 


3. Apply light oil on the threaded end of the 
accumulator at the end of the cap. Bubbling of the oil 
indicates a leak past the end cap seal. Release the 
nitrogen precharge before removing the cap to replace 
the seals. 
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Chart 8 
HIGH PRESSURE IN SYSTEM 
(3500 psi or above) 


1. DEFECTIVE GAGE 2. ENGINE DRIVEN PUMP UNLOADING 
VALVE NOT OPERATING PROPERLY 











SUGGESTED REMEDY 


1. Replace the gage. 2. Overhaul the pump... 


Chart 9 


FLUID EMERGES FROM THE RESERVOIR 
FILLER CAP WHEN STARTER IS USED 


Probable Causes 











1. FILTER ELEMENT IN FILLER CAP 2. NITROGEN IN FLUID RETURNED 
LOADED WITH DIRT TO RESERVOIR 
EE EXCESS FLUID IN RESERVOIR | 


SUGGESTED REMEDY 




















l. Rinse the filler cap thoroughly in fuel oil and dry и 3. Check the fluid level after the accumulator is 
with compressed air. charged and the engine-driven pump is by-passing a 
full stream of oil to the reservoir. The fluid level must 
be sufficient to completely cover the screen in the 
2. Overhaul the accumulator. See Chart 7. Item 1. bottom of the tank. 
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Chart 10 


FLUID EMERGES AROUND RUBBER 
BOOT ON HAND PUMP 


m Probable Causes | 


[ 1. DAMAGED PISTON SEAL RINGS 


SUGGESTED REMEDY 























1. Replace the seal rings and leather back-up rings on 


the pump piston. 


Chart 11 


FLUID EMERGES FROM ENDS OF STARTER 
CONTROL VALVE WHEN STARTER IS OPERATED 





Е Probable Causes | 


pte) 


1. DAMAGED FRONT CONTROL VALVE 2. BENT SHIFTING FORK CAUSING 
SEAL RING END OF CONTROL VALVE TO 


MOVE PAST THE REAR SEAL RING 




















SUGGESTED REMEDY 





1. Operate the starter. If fluid emerges around the 2. See Chart 4. ltem 7. Also operate the starter. If 

front end of the control valve, the seal ring is fluid emerges from the cap on the rear of the control 

damaged. valve, the fork is bent and the seal ring may be 
damaged. 
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HYDROSTARTER SPECIFICATIONS 


Hydrostarter Motor 


ТУРе c C CE О Г О О Л ОЛ О ООО Т ООСО Swash plate 
Nümber of: PISTONS» os sete ede edet tes АН f cepe ARS D e ORE Pte Seven 
Displacement per revolution 20 Series |... ee ee mese ee eene ee ee eene ne enis 2 cu. in. 
Displacement per revolution 35 Series |... esee etienne нынын ыыы" 3.5 cu. in. 
Maximum torque at 3000 psi 20 Series |... eee eee ere e eene 80 Ib-ft 
Maximum torque at 3000 psi 35 Series sss ee eene e emet ыны ыы 140 Ib-ft 
Drive io e ее Overrunning clutch 
Inlet port:20.and 35 Series анаа e e e Swe oo i eps No. 8 elbow (JIC 37° flare) 
Return:port 20. Series: а ама eere eer ripetere a ERR No. 10 elbow (SAE 45%аге) 
Retürriport 33: Series Jeu tette td cte ier а ERN No. 12 elbow (SAE 45° flare) 
Engine-Driven Pump 
HEX" ЛЛ О СООК ОТОО ех Positive displacement 
Nüm berooft pistons «esci eese de ttti ыыы ан ЫКЫ ЫЫЫ tosta One 
Displacement per revolution ................................ Mese dct es tete ec bn edenda Raa 0.0208 cu. in. 
Inlet port .............................. IRAE NET No. 6 elbow (SAE 45° flare) 
Outlet port E oa Ми ыыы кыл ыш н рарын ыкы ДЕКА E аа МИ No. 6 elbow (J1C 37° flare) 
By:pass/DOEFt а а а аналын А а Ме No. 4 elbow (БАЕ 45° flare) 
Maximum discharge pressure era a r eect ee ОРЫ Мылы res er enhn i e e he e hin E ee ete 3250 psi 
Maximum continuous speed ................................ see NEUSS EON NC 2500 rpm 
Manual Pump 
UIS MET ILLE EE Positive displacement 
Number'of pistons es Ace tomate etaed tre stet c rs ree ie aie Uo cane arie Tis bi tages One 
Displacement per stroke sss] eene eee e Rede sls e en ene ee eee ense senes . 0.773 cu. in. 
lass "-"--—-—-——-———————Á—————— No. 6 elbow (SAE 45° flare) 
Outlet port osse mee RECTE No. 6 elbow (J1C 37° flare) 
Accumulator 
TYDET оо "cR E Piston 
Capacity x osse de tege Y atl Rr E sg A. ca .. 200 or 300 cu. in. 
Precharge (nitrogen) |... sse EE 1250 psi 
Operating pressure - 2e аа censes etu ee eh Val edv EE Ка CHOLET RH RIE PS RE CURAR А 2900-3000 psi 
PORE. а а а ЛА reete ge ЕЕ ИА 3/8 NPTF 
Reservoir 
Capacity ctae dep ceni io pide ОЛУ ОО О o ЫС 10, 12, 16 or 23 qt. 
Outlet porta c ice eh tle t Ан Ын MM" n 1/4 NPT 
Pump return Вог. ал аар ае lei ee tte inae at be rte edt pel de dba fec На reddes 1/8 NPT 
Starter return: port, iu ce ccn О О О О Г УЛО УО ООС EREE 1/2 NPT 
Drain plug) Dort. oe teer О О ООЛО КУЛЛ ТОЛЕУ ОТКО Pr А aea ОНЫН 1/8 NPT 
Remote Control Master Cylinder 
Туре ООО КЕКИ a ume жы ы em mo TES OC EISE Positive displacement 
Number of PISTONS: eee eee uptime pes tee p pde enge unu Rep devenant One 
Displacement per stroke ................. HR SPD UE DLE ERE 1.2 cu. in. 
Outlet DOr tz eoe eer tre tette ret terii wae optet eese dese teachers 7/16-24 inverted flare tap 
Filter 
D M" ОКК ОООО Т КАЕ ОООО ОТ Sediment bowl-stacked disc 
Degree of filtration _................................. dob лы Lut ue She Solna cL REM MIDI Ee 50 microns 
TRIG DORE а UN T —————————O————————t . 1/8 NPTF 
Outlet PON «oo oer metet bo ev Ыы eie n e eut rep OC a D e e Ten d RD ode nts 1/8 NPTF 


ААА ——— —————— 
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STANDARD BOLT AND NUT TORQUE SPECIFICATIONS 








THREAD TORQUE THREAD TORQUE 
SIZE (lb-ft) SIZE (lb-ft) 
ТАРО T EA OO Ee ees 7-9 PTA ATE EE ERR eie 90-100 
174.28. о AE E EIA 8-10 ITO Ө: а N Mat 107-117 
5 6-18 Tl ian 13-17 DIG a E EE E ы E E, 137-147 
ББА ost A N AOE E 15-19 DAB «18. dad ve iste E 168-178 
ЗИВ" | rss cue the аР 30-35 SLA ^10. Laud t his ette 240-250 
с» л ЖЕЛКЕМ л К OR REUS 35-39 JIA S18; — 5 e неа 290-300 
4/169 94 usd aeneis eset mn 46-50 VIB ХЕ Өч ^ oc eter ctio eee ed RN 410-420 
Z£l16:207 (a eH Ret ER 57-61 PIB e Logs INTEL. ALT I O 475-485 
РЗА nage ud К RET a ЫЛЫН 71-75 l «685 Slide eve enit 580-590 
1/2: 0:20 элдии reote pe mettus qa be 83-93 bo RS Longest RE 685-695 





SERVICE TOOLS 


TOOL NAME TOOL NO. 

Accumulator charging kit |... AE DRM J 6714-02 
Oil seal installer .................. uuu UE СИУ ҮН HMM MONIO UNES Me J 7190 
Oil seal installer set .................. "КОК КЕЛЕА M mer LN ulated e cute De De ЛОТ J 7191 

Seal installer |... ss D M E NEED Mr EA err S J 7191.1 

Seal lip protector |... eee en ee enne enne enne . J 71912 

Seal’ lip: protector 5.5. o E E ERN a ced J 7191-3 
Piston, back-up and seal ring, washer installer ............................................. J 7192 
Spring compressor sss EEEE EEEE EEEE EEE EEEE EEEE EEEE EE EEEE EEEE EEEE EEEE J 7187 
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SECTION 13 
OPERATING INSTRUCTIONS 
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ENGINE OPERATING INSTRUCTIONS 


PREPARATION FOR STARTING ENGINE 
FIRST TIME 


Before starting an engine for the first time. carefully 
read and follow the instructions in Sections 13 and 14 
of this manual. Attempting to run the engine before 
studving these instructions may result in serious 
damage to the engine. 


NOTE: When preparing to start a new or 
overhauled engine or an engine which has been 
in storage, perform all of the operations listed 
below. Before a routine start (at each shift), see 
Daily Operations in the Lubrication and 
Preventive Maintenance Chart, Section 15.1. 


Cooling System 


Install all of the drain cocks or plugs in the cooling 
system (drain cocks are removed for shipping). 


Open the cooling system vents, if the engine is so 
equipped. 


Loosen the water return line near the top of the 
turbocharger (if used). 


Remove the filler cap and fill the cooling system with 
clean, soft water or a protective solution consisting of 
high boiling point type antifreeze. if the engine will be 
exposed to freezing temperatures (refer to Engine 
Coolant in Section 13.3). Keep the liquid level about 
two inches below the filler neck to allow for fluid 
expansion. 


Use a quality rust inhibitor if only water is used in the 
cooling system. 


Close the vents, if used, after filling the cooling 
system. 


Tighten the turbocharger water return line. 


On marine installations. prime the raw water cooling 
system and open any sea cocks in the raw water pump 
intake line. Prime the raw water pump by removing 
the pipe plug or electrode provided in the pump outlet 
elbow and pour water in the pump. 


CAUTION: Failure to prime the raw water pump 
may result in damage to the pump impeller. 


lubrication System 


The lubricating oil film on the rotating parts and 
bearings of a new or overhauled engine, or one which 
has been in storage, may be insufficient for proper 
lubrication when the engine is started for the first 
ume. 


It is recommended that the engine lubricating system 
be charged with a pressure prelubricator. set to supply 
a minimum of 25 psi oil pressure. to ensure an 
immediate flow of oil to all bearings at the initial 
engine start-up. The oil supply line should be attached 
to the engine so that oil under pressure is supplied to 
the main oil gallery. 


With the oil pan dry. use the prelubricator to prime 
the engine with sufficient oil. to reach all. bearing 
surfaces. Use heavy-duty lubricating oil as specified 
under Lubricating Oil Specifications in Section 13.3. 
Then remove the dipstick. wipe it with a clean cloth. 
insert and remove it again to check the oil level in the 
оп pan. Add sufficient oil. if necessary. to bring it to 
the full mark on the dipstick. Do not overfill. 


If a pressure prelubricator is not available. fill the 
crankcase to the proper level with heavy-duty 
lubricating oil as specified under Lubricating Oil 
Specifications in Section 13.3. Then pre-lubricate the 
upper engine parts bv removing the valve rocker 
cover(s) and pouring lubricating oil. of the same grade 
and viscosity as used in the crankcase. over the rocker 
arms. 


Turbocharger 


Disconnect the turbocharger oil inlet line and pour 
approximately one pint of clean engine oil in the line, 
thus making sure the bearings are lubricated for the 
initial start. Reconnect the oil line. 


Air Cleaner 


If the engine is equipped with oil bath air cleaners. fill 
the air cleaner oil cups to the proper level with clean 
engine oll. Do not overfill. 


Transmission 


Fil the transmission case. marine gear or torque 
converter supply tank to the proper level with the 
lubricant specified under Lubrication and Preventive 
Maintenance in Section 15.1. 
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Fuel System 


Fill the fuel tank with the fuel specified under Diesel 
Fuel Oil Specifications in Section 13.3. 


If the unit is equipped with a fuel valve, it must be 
opened. 


To ensure prompt starting. fill the fuel system between 
the pump and the fuel return manifold with fuel. If 
the engine has been out of service for a considerable 
length of time, prime the filter between the fuel pump 
and the injectors. The filter may be primed by 
removing the plug in the top of the filter cover and 
slowly filling the filter with fuel. 


In addition to the above. on an engine equipped with 
a Hydrostarter, use a priming pump to make sure the 
fuel lines and the injectors are full of fuel before 
attempting to start the engine. 


NOTE: The fuel system is filled with fuel before 
leaving the factory. If the fuel is still in the 
system when preparing to start the engine. 
priming should be unnecessary. 


Lubrication Fittings 


Fill all grease cups and lubricate at all fittings with an 
all purpose grease. Apply lubricating oil to the throttle 
linkage and other moving parts and fill the hinged cap 
oilers with a hand oiler. 


Drive Belts 


Adjust all drive belts as recommended under 
Lubrication and Preventive Maintenance in 
Secuon 15.1. 


Storage Battery 


Check the battery. The top should be clean and dry. 
the terminals tight and protected with a coat of 
peuoleum jelly and the electrolyte must be at the 
proper level. 


NOTE: When necessary. check the battery with 
a hydrometer: the reading should be 1.265 or 
higher. However. hydrometer readings should 
always be corrected for the temperature of the 
electrolyte. 
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Generator Set 


Where applicable. fill the generator end bearing 
housing with the same lubricating oil as used in the 
engine. 


A generator set should be connected and grounded in 
accordance with the applicable local electrical codes. 


CAUTION: The base of a generator set must be 
grounded. 


Clutch 


Disengage the clutch. if the unit is so equipped. 


STARTING 


Before starting the engine for the first time, perform 
the орегапопѕ listed under Preparation For Starting 
Engine First Time. 


Before a routine start. see Daily Operations in the 
Lubrication and Preventive Maintenance Chart, 
Section 15.1. 


If a manual or an automatic shut-down system 15 
incorporated in the unit. the control must be set in the 
open position before starting the engine. The blower 
will be seriously damaged if operated with the air 
shut-off valve in the closed position. 


Starting at air temperatures below 40 ^ F. requires the 
use of a cold weather starting aid. See Cold Weather 
Starting. Section 12.6. 


The instructions for the use of a cold weather fluid 
starting aid will vary dependent on the type being 
used. Reference should be made to these instructions 
before attempting a cold weather start. 


CAUTION: Starting fluid used in capsules is 
highly inflammable, toxic and possesses anes- 
thetic properties. 


Initia] Engine Start (Electric) 


Start an engine equipped with an electric starüng 
motor as follows: Set the speed control lever at part 
throttle, then. bring it back to the desired no-load 
speed. In addition. on mechanical governors, make 
sure the stop lever on the governor cover is in the run 
position; on hydraulic governors, make sure the stop 
knob is pushed all the way in. Then press the starting 





DETROIT DIESEL 53 


Operating Instructions 13.1 





motor switch firmly. If the engine fails to start within 
30 seconds. release the starting switch and allow the 
starting. motor to cool a few minutes before trying 
again. If the engine fails to start after four attempts, 


an inspection should be made to determine the cause. 


CAUTION: To prevent serious damage to the 
starter. if the engine does not start. do not press 
the starting switch again while the starting 
motor Is running. 


Initial Engine Start (Hydrostarter) 


Start an engine equipped with a Hydrostarter as 
follows: 


Use the priming pump to make sure the fuel filter. fuel 
lines and injectors are full of fue) before attempting to 
start the engine. 


Raise the Hydrostarter accumulator pressure with the 
hand pump until the gage reads as indicated in the 
chart. 










Pressure Gage 


Ambient Temperature Reading 


Above 40°F. 1500 psi 
40°F. to O?F. 2500 psi 
Below O?F. 3300 psi 









Set the engine controls for starting with the throttle at 
least half open. 


NOTE: During cold weather. add starting fluid 
at the same time the Hvdrostarter motor lever is 
moved. Do not wait to add the fluid after the 
engine is turning over. 


Push the Hydrostarter control lever to simultaneously 
engage the starter pinion with the flywheel ring gear 
and to open the control valve . Close the valve as soon 
4$ the engine starts to conserve the accumulator 
pressure and to avoid excessive over-running of the 
starter drive clutch assembly. 


RUNNING 


Oil Pressure 


Observe the oil pressure gage immediately after 
starting the engine. If there is no pressure indicated 
within 10 to 15 seconds, stop the engine and check the 
lubricating oil system. Refer to the Trouble Shooting 
Charts in Section 152. 


Warm-Up 


Run the engine at part throttle and no-load for 
approximately five minutes, allowing it to warm-up 
before applying a load. 


lf the unit is operating in a closed room. start the 
room ventilating fan or open the windows, as weather 
conditions permit. so ample air is available for the 
engine. 


Inspection 


While the engine is running at operating temperature, 
check for coolant. fuel or lubricating oil leaks. Tighten 
the line connections where necessary to stop leaks. 


Engine Temperature 


Normal engine coolant temperature is 160 F. to 185 
F: 


Crankcase 


If the engine crankcase was refilled. stop the engine 
after normal operating temperature has been reached. 
allow the oil to drain (approximately 10 minutes) back 
into the crankcase and check the oil level. Add oil. if 
necessary, to bring it to the proper level on the 
dipstick. 


Use only the heavy duty lubricating oil specified under 
Lubricating Oil Specifications in Section. 13.3. 


Cooling System 


Remove the radiator or heat exchanger tank cap slowly 
after the engine has reached normal operating 
temperature and check the engine coolant level. The 
coolant level should be near the top of the opening. If 
necessary. add clean soft water or a high boiling point 
type antifreeze. 


Transmission 


Check and. if necessarv. replenish the oil supplv in the 
transmission. 


Turbocharger 


Make a visual inspection of the turbocharger for leaks 
and excessive vibration. Stop the engine immediately 
if there is an unusual noise in the turbocharger. 
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Avoid Unnecessary Engine Idling 


During long engine idling periods, the engine coolant 
temperature will fall below the normal operating 
range. The incomplete combustion of fuel in a cold 
engine will cause crankcase dilution, formation of 
lacquer or gummy deposits on the valves, pistons and 
rings and rapid accumulation of sludge in the engine. 


NOTE: When prolonged engine idling is 
necessary, maintain at least 800 rpm. 


STOPPING 


Normal Stopping 


1. Release the load and decrease the engine speed. Put 
all shift levers in the neutral position. 


2. Allow the engine to run at half speed or slower with 
no load for a short time. then move the stop lever to 
the stop position to shut down the engine. 


Emergency Stopping 


If the engine does not stop after using the normal 
stopping procedure, pull the "Emergency Stop" knob 
all the way out. This control cuts off the air to the 
engine. Do not try to restart again until the cause for 
the malfunction has been found and corrected. 


CAUTION: The emergency shut-down system 
should never be used except in an emergency. 
Use of the emergency shut-down can cause oil 
to be sucked past the oil seals and into the 
blower housing. 


The air shut-off valve, located on the blower air inlet 
housing. must be reset by hand and the "Emergency 
Stop" knob pushed in before the engine is ready to 
start again. 
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Fuel System 


If the unit is equipped with a fuel valve, close it. Fill 
the fuel tank; a full tank minimizes condensation. 


Exhaust System 


Drain the condensation from the exhaust line or 
silencer. 


Cooling System 


Drain the cooling system if it is not protected with 
antifreeze and freezing temperatures are expected. 
Leave the drains open. Open the raw water drains of a 
heat exchanger cooling system. 


Crankcase 


Check the oil level in the crankcase. Add oil, if 
necessary, to bring it to the proper level on the 
dipstick. 


Transmission 


Check and, if necessary, replenish the oil supply in the 
transmission. 


Clean Engine 


Clean and check the engine thoroughly to make 
certain it will be ready for the next run. 


Refer to Lubrication and Preventive Maintenance and 
perform all of the daily maintenance operations. Also 
perform the operations required for the number of 
hours or miles the engine has been in operation. 


Make the necessary adjustments and minor repairs to 
correct difficulties which became apparent to the 
operator during the last run. 
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ALTERNATING CURRENT POWER GENERATOR SET 
OPERATING INSTRUCTIONS 


These instructions cover the fundamental procedures 
for operating an alternating current power generator 
set (Fig. 1). The operator should read these instruc- 
tions before attempting to operate the generator set. 


Never operate a generator set for a short (15 minute) 
interval - the engine will not reach normal operating 
temperature in so short a period. 


Avoid operating the set for extended periods at no- 
load. 


Ideally, operate the set for one hour with at least 40% 
load (generator rating). 


When a test must be made with a line load of less than 
40% of the generator rating, add a supplementary 
load. 


Connect the supplementary load to the load terminals 
of the control cabinet circuit breaker so that the 
generator can be "loaded" whenever the breaker is 
closed. 


Make certain that the supplementary load is such that 
п can be controlled to permit a reduction in the load 
should а normal load increase occur while the set is 


STARTING 
SWITCH * i 
A >p 
SHUT.DOWN i 
CONTROL £g 
ag Н 


WATER 
EE TEMPERATURE: 





operating. Locate the supplementary load outside the 
engine room, if desirable, to provide adequate cooling. 


Loading the generator set to 40% of the generator 
rating and operating it for one-hour intervals will 
bring the engine and generator to normal operating 
temperatures and circulate the lubricants properly. 
Abnormal amounts of moisture, carbon and sludge are 
due primarily to low internal operating temperatures 
which are much less likely to occur when the set is 
tested properly. 


PREPARATION FOR STARTING 


Before attempting to start a new or an overhauled 
engine or an engine which has been in storage. 
perform all of the operations listed under Preparation 
for Starting Engine First Time in Section 13.1. Before 
a routine start, see Daily Operations in the Lubrication 
and Preventive Maintenance Chart in Section. 15.1. 


In addition to the Engine Operating Instructions, the 
following instructions also apply when operating ап 
alternating current power generator set. 


1. Before the first start, check the generator main 


THROTTLE LAMP SWITCH 
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Fig. 1 - Location of Controls on Power Generator Set 
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bearing oil reservoir. If necessary. add sufficient 
lubricating oil, of the same grade as used in the engine 
crankcase. to bring it to the proper level on the sight 
gage. 


2. Check the interior of the generator for dust or 
moisture. Blow out dust with low pressure air (25 psi 
maximum). If there is moisture on the interior of the 
generator. it must be dried before the set is started. 
Refer to the appropriate Delco Products Maintenance 
bulletin. 


3. The air shut-off valve located in the air inlet 
housing must be in the open or reset position. 


4. Refer to Fig. | and place the circuit breaker in the 
off position. 


5. If the generator set is equipped with synchronizing 
lamps. place the lamp switch in the off position. 


6. Turn the voltage regulator rheostat knob counter- 
clockwise to its lower limit. 


7. Make sure the power generator set has been cleared 
of all tools or other objects which might interfere with 
its operation. 


STARTING 


If the generator set is located in a closed space, start 
the ventilating fan or open the doors and windows. as 
weather permits, to supply ample air to the engine. 


The engine may require the use of a cold weather 
starting aid if the ambient temperature is below 40°F. 
Refer to Cold Weather Starting Aids in Section 12.6. 


Press the throttle button and turn the throttle control 
(Fig. 1) counterclockwise to a position midway 
between run and stop. Then press the starüng switch 
firmlv. 


If the engine fails to start within 30 seconds, release 
the starting switch and allow the starting motor to cool 
a few minutes before trying again. If the engine fails 
to start after four attempts. an inspection should be 
made to determine the cause. 


CAUTION: To prevent serious damage to the 
starter. 1f the engine does not start. do not press 
the starting switch again while the starting 
motor is rotating. 


RUNNING 


Observe the engine oi] pressure gage immediately 
after starting the engine. If there is no oil pressure 
indicated within 10 to 15 seconds. stop the engine and 


check the engine lubricating system. 


If the oil pressure is observed to be normal, increase 
the throttle setting to cause the engine to run at its 
synchronous speed. 


PREPARING GENERATOR FOR LOAD 


After the engine is warmed up (or the oil pressure has 
stabilized), prepare the generator set for load as 
follows: 


1. Bring the engine up to the rated speed. 
2. Turn the instrument switch to the desired position. 


3. Turn the voltage regulator rheostat knob slowly in a 
clockwise direction to raise the voltage, while watching 
the voltmeter, until the desired voltage is attained. 


4. If the generator set is equipped with a frequency 
meter, adjust the engine speed with the vernier throttle 
knob until the desired frequency is indicated on the 
meter. 


5. Make sure all power lines are clear of personnel. 
then place the circuit breaker control in the on 
posiuon. 


NOTE: Perform Step 5 only 1f the generator set 
is not being paralleled with an existing power 
source. If it is being paralleled with a power 
source already on the line. read and follow the 
instructions under Paralleling before turning 
the circuit breaker control to the on position. 


PARALLELING 


If the load conditions require an additional unit to be 
placed on the line, the following instructions will apply 
to power generator sets of equal capacity, with one 
generator set in operation on the line. 


1. Prepare the generator set to be paralleled as 
outlined under Preparation For Starting, Starting 
Running and items | through 4 under Preparing 
Generator for Load. 


2. Check the voltmeter (Fig. 1); the voltage must be 
the same as the line voltage. Adjust the voltage 
regulator rheostat control if the voltages are not the 
same. 


3. Place the synchronizing lamp switch. of the 
generator set to be paralleled. in the on position. 


4. Turn the vernier throttle knob until both units are 
operaling al approximately the same frequency as 
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indicated by the slow change in the brilliancy of the 
synchronizing lamps. 


5. When the synchronizing lamps glow and then go 
out at a very slow rate, time the dark interval. Then, in 
the middle of this interval, turn the circuit breaker 
control to the on position. This places the incoming 
generator set on the line, with no load. The proper 
share of the existing load must now be placed on this 
generator. 


6. The division of the kilowatt load between the 
alternating current generators operating in parallel 
depends on the power supplied by the engines to the 
generators as controlled by the engine governors and 
is practically independent of the generator excitauon. 
Divide the kilowatt load between the generators by 
turning the vernter throttle knob counterclockwise on 
the incoming generator and clockwise on the generator 
that has been carrying the load (to keep the frequency 
of the generators constant) until both ammeters read 
the same. indicating that each generator is carrying its 
proper percentage of the total K.W. load. 


7. The division of the reactive KVA load depends on 
the generator excitation as controlled by the voltage 
regulator. Divide the reactive load between the 
generators by turning the voltage regulator rheostat 
control on the incoming generator (generally clockwise 
to raise the voltage) until the ammeters read the same 
on both generator sets and the sum of the readings is 
minimum. 


NOTE: The generator sets are equipped with a 
resistor and current transformer connected in 
series with the voltage coil of the regulator 
(cross-current compensation) which equalizes 
most but not all of the reactive КУА load 
between the generators. 


8. When the load is 80 per cent power factor lagging 
(motor and a few lights only), turn the vernier throttle 
knob on the incoming generator until the ammeter on 
that unit reads approximately 40 per cent of the total 
current load. 


9. Rotate the voltage regulator rheostat control on the 
incoming generator clockwise to raise the voltage until 
the ammeters read the same on both units. 


NOTE: If a load was not added during 
paralleling, the total of the two ammeter 
readings should be ihe same as the reading 
before paralleling. Readjust the voltage regula- 
tor rheostat on the incoming generator, if 
necessary. 


10. To reset the load voltage, turn the voltage regulator 
rheostat controls slowly on each unit. It is necessary to 
turn the controls the same amount and in the same 
direction to keep the reactive current equally divided. 


Power generator sets with different capacities can also 
be paralleled by dividing the load proportionately to 
their capacity. 


STOPPING 


The procedure for stopping a power generator set or 
taking it out of parallel is as follows: 


1. Turn off all of the load on the generator when 
stopping a single engine unit. 


2. Shift the load from the generator when taking it out 
of parallel operation by turning the vernier throttle 
knob until the ammeter reads approximately zero. 


3. Place the circuit breaker control in the off position. 


4. Turn the voltage regulator rheostat control in à 
counterclockwise direction to the limit of its travel. 


5. Press the throttle button and turn the throttle 
control to stop to shut-down the engine. 


NOTE: When performing a tune-up on a 
generator set that will be operated in parallel 
with another unit, adjust the speed droop as 
specified in Engine Tune-Up. 
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OPERATING INSTRUCTIONS FOR SERIES 2-53 POWER GENERATOR 


UNITS IN RAILROAD REFRIGERATION CARS 


Before Starting Each Trip 


1. Check the engine oil level їп the crankcase with the 
dipstick which is attached to a pipe cap with an 
integral bar grip and is located at the front of the 
engine below the radiator. The crankcase oil level 
should be at, or near, the full mark on the dipstick. 
The large capacity of the oil pan permits extended 
operation without frequently replenishing the oil 
supply. However, never let the oil level fall below the 
add mark on the dipstick. When adding oil between 
drain periods, add only sufficient oil to complete the 
trip or to get the unit to the next railroad service 
station. Use only the heavy-duty lubricating oils as 
specified under Lubricating Oil Specifications in 
Section 13.3. : 


2. Check the engine hour meter, if the unit is so 
equipped. or log book to determine whether the engine 
lubricating oil should be changed. Change oil every 
750 to 1000 hours. 


3. Check the coolant level in the radiator. Fill with a 
solution of high boiling point type antifreeze and 
water as specified by the railroad operating division. 
Coolant drains located at the bottom of the radiator. 
side of the engine cylinder block and bottom of the oil 
cooler must be closed. 


4. Fill the fuel tanks with clean fuel oil. Select the 
proper grade of fuel in accordance with the Fuel Oil 
Specifications in Section. 13.3. 


5. Check the condition of the storage battery as 
recommended by the battery manufacturer. Check 
electrical connections for tightness. 


6. Check the power plug to make sure that it is in 
nosition and that the clamp ring is tight. 


7. Drain the water and sediment from the fuel oil 
strainer and the fuel oil filter by opening the drain 
cock at the bottom of each. Drain off 1/4 pint, or more 
if necessary, to remove accumulated water and 
sediment. Close the drain cocks. 


8. Check the sump tank located under the car between 
the main fuel tanks for water and sediment. Drain off 
1/4 pint, or more if necessary, to remove accumulated 
water and sediment. On some cars, the sump is formed 
as part of the main fuel tanks. 


9. Service the engine air cleaner. Refer to Section 3.1 
for oil bath air cleaners. 


On units equipped with dry type air cleaners, proceed 
as follows: 


a. Loosen the wing nuts on the filter fasteners and 
swing the retaining bolts away from the cleaner. 


b. Lift the cleaner away from the housing and 
inspect it. Clean out any accumulated foreign 
material. 


c. Withdraw the paper filter element and discard it. 


d. Inspect the inside of the air cleaner housing to be 
sure it is free of foreign material. 


е. Install the cleaner and secure it in place with the 
fasteners. 


10. Check the oil level indicator, if the unit is so 
equipped, located on the end of the alternator. Add 
engine oil if the oil level is low. 


Starting the Diesel Engine 


For a normal start, pull the starting control rod located 
near the starter button. This opens the air inlet valve. 
While holding the starting control rod out, press the 
starter button. Do not release the starting control rod 
the instant the engine starts but hold it out for 
approximately 30 seconds to allow the oil pressure to 
build up.and set the Fail-Safe protective device. The 
starting control knob may then be released. 


If the engine does not start after cranking for 30 
seconds, allow the cranking motor to rest for a minute 
and then repeat the cranking attempt. If the engine 
does not start after three or four cranking periods, 
invesugate for the cause of trouble (refer to Trouble 
Shooting Chart 2 in Section 152). 


To assist in starting the engine during low ambient 
temperatures, a "Fluid Starting Aid" is used. This 
device consists of a pump and nozzle for injecting 
engine starting fluid into the air intake, and a tube 
container for holding the capsule containing the fluid. 
The pump (knob marked AIR HEATER) and the 
capsule container are mounted at the front of the 
engine. 
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Running Check 


After the engine has started, check the engine speed 
and voltage. 


First check the engine speed with a hand tachometer. 
Engines operating at 1800 rpm full load should run 
1850 rpm no load. Engines operating at 1200 rpm full 
load should run at 1240 rpm no load. 


Then check the voltage at the terminals with а 
voltmeter. The voltage should be 208-220 volts at full 
load and should not exceed 240 volts at no load. 


On some units equipped with brushless power 
generators, the voltage may be adjusted by moving the 
regulator voltage adjusung screw. Turning the screw 
clockwise raises the voltage and turning the screw 
counterclockwise lowers the voltage. 


І. The coolant temperature gage should read about 
170 ^F. when the engine has warmed up and the 
thermostat has started to open. Temperatures will vary 
between 165 ^F. and 185 °F., depending upon the load 
and the ambient air temperature. 


2. Since the shut-down control prevents operating 
without adequate oil pressure, some units are not 
equipped with oil pressure gages. On these units, the 
oil pressure may be checked at the valve which is 
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located above the shut-down bellows on the blower 
side of the engine. The oil pressure should be about 40 
to 50 psi at 1800 rpm or 28 to 40 psi at 1200 rpm when 
the coolant temperature is normal. If the oil pressure 
is below 30 psi at 1800 rpm or 28 psi at 1200 rpm, 
check for the cause and make the necessary 
corrections. 


3. No battery-charging ammeter is provided. However, 
the charging rate may be easily determined by 
connecung an ammeter in series with the wire leading 
to the BATT terminal of the generator voltage 
regulator. After completing the test, securely tighten 
the screw attaching the wire to the BATT terminal. For 
additional information on the electrical system, refer 
to Section 7 in this manual. 


4. Leaks--Check the unit carefully for fuel, lubricating 
oil and coolant leaks. Make any necessary repairs. 


5. Clean radiator--Check the condition of the radiator 
core to make sure it is clean and free of dirt. 


Stopping the Diesel Engine 


Pull the knob, marked "PULL TO STOP", which is 
located at the front of the engine. Hold the knob in 
the out posiuon unul the engine comes to a complete 
stop. Return the knob to its original position. 
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ENGINE OPERATIN 


The engine operating charts are included as an aid for 
engine operation and trouble shooting. Any variations 
from the conditions as listed may indicate an 


2, 3 and 4-53 


G CONDITIONS 


abnormal situation in need of correction. Make sure 
that the readings represent true values, and that 
instruments are accurate, before attempting to make 
corrections to the engine. 


ENGINES 


(2-Valve Cylinder Head) 


1200 rpm 1800 rpm 2000 rpm 2200 rpm 


Lubrication System 
Lubricating oi! pressure (psi): 


Nörmal чыклы АА esten tei pest dure das ИЕТ 30-50 40-60 40-60 40-60 
Minimum for safe operation _...................................... 18.0 30.0 30.0 30.0 
*Lubricating oil temperature (degr. F.) - max.: І 
Normal (2-53) ...... TRI REOR EM TR OM 190-230 190-220 190-225 
Normal (3-53 and 4-53) |... 200-235 200.235 200-235 
Air System 
Air box pressure (inches mercury) - min. at fuil load: 
At zero exhaust back pressure (2-53) ................... 2.0 4.] 5.2 
At zero exhaust back pressure (3, 4-53) ..................... 3.8 4.9 6.2 
At max. full load exh. back press. (2-53) ................... 3.0 5.7 7.2 
At max. full load exh. back press. (3, 4-53) ............... 5.5 6.9 8.6 
Air inlet restriction (inches water) - full load max.: 
Dirty air cleaner - oil bath or dry type (2-53) ...... n 6.8 13.4 16.0 
Dirty air cleaner - oil bath or dry type (3, 4-53) ........ 6.8 13.4 18.8 
Clean air cleaner: 
2-53 oil bath type 2.00. eene 4.5 9.5 10.8 
3, 4-53 oll bath type -aaaeei 4.5 9.5 10.8 12.0 
2-53 dry type with precleaner .................................... 4.5 6.8 10.8 
3, 4-53 dry type with precleaner ............................. 4.5 6.8 10.8 12.0 
2-53 dry type less precleaner ............... DUE he 3.0 5.5 6.5 
3, 4-53 dry type less precleaner ......................... Bass? 3.0 5.5 6.5 7.4 
Crankcase pressure (inches water) - max. .................... 0.5 0.5 0.5 0.5 
Exhaust back pressure (inches mercury) - max.: 
Full NOG uiae itte tete Lam "MCI PEE 1.3 2.1 2.5 3.0 
§Full load (fork lift truck) ..................... EE 4.2 9.7 12.1 
No оаа sd eue RE t ee te rh se te eta va, Q.6 1.3 1.7 2.1 
8No load (fork hft truck) |. 2.5 6.0 7.5 
Fuel System 
Fuel pressure at inlet manifold (psi): 
Normal with .070 " restriction |... 45-60 45-70 45-70 45-70 
Minimum sess E: MIETEN ERE seca! 35 35 35 35 
Fuel spill (gpm) - minimum at no-load: 
:070 FrÉSEEICHIOTU: iret terrere tet 0.6 0.6 0.6 0.6 
Fuel pump suction at pump inlet 
(inches mercury) - max.: 
Clean Sy Stemi Juss ente te dad eee 6.0 6.0 6.0 6.0 
Dirty system .................. MEE usse ЛЕОГО СО 12.0 12.0 12.0 12.0 
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1200 rpm 1800 rpm 2000 rpm 2200 rpm 
it 


Cooling System 
Coolant temperature (degr. F.) - normal .......................... 160-185 160-185 160.185 160-185 
Raw water pump: 
inlet restriction (inches mercury) - max. ...................... 8.0+ 8.01 8.0 
Outlet pressure (psi) - max. sss 10.0t 10.0+ 10.0 
Keel cooler pressure drop (psi) 
Maximum through system |... epos 6.01 6.01 6.0 


Compression 

Compression pressure (psi at sea level): 
Average - new engine - at 600 rpm ...................... 525 
Minimum - at 600 rpm ........................................... 475 


3, 4-53 IN-LINE, 6V, 8V-53 AND 53N ENGINES 


(4-Valve Cylinder Head) 


2200 rpm 2500 rpm 2800 rpm 





Lubrication System 
Lubricating oil pressure (psi): 


INGRITIANS ыманы о HR ИВ Seed ertt 40-60 40-60 40-60 
Minimum for safe operation |... 30.0 32.0 32.0 
“Lubricating oil temperature (degr. Е.) - max. .............. 200-235 200-235 200-235 


Air System 
Air box pressure (inches mercury) - min. at full Joad: 


At zero exhaust back pressure ...................................... 3.7 4.8 6.1 

At maximum exhaust back pressure ................... E 5.4 8.0 9.3 
Air inlet restriction (inches water) - full load max.: 

Dirty air cleaner - oil bath or dry type ....... T 18.8 23.0 25.0 

Clean air cleaner - oil bath or dry type 

with precleaner .......... sss 12.0 14.0 16.0 

Clean air cleaner - dry type without precleaner .......... 7.4 8.7 10.0 
Crankcase pressure (inches water) - max. ....................... 0.8 0.9 1.0 
Exhaust back pressure (inches mercury) - max.: 

Eull Toad» uice eene eet Е t bp аА 3.0 4.07 4.0+ 

§Full load (fork lift truck) sss 6.5 8.4 10.5 

No load _.............. TREO 2.1 2.7} 27+ + 

8No load (fork lift truck) |... С е 4.2 5.5 7.0 


Fuel System 
Fuel pressure at inlet manifold (psi): 


Normal with .070 " restriction |... 45-70 45-70 45-70 

MPT cene iR E ate pagans FÜR T ERI Се 35 35 35 
Fuel spill (gpm) - minimum at no-load: 

2070" restrIClOU occaecat e bete geld 0.6 0.6 0.6 


Fuel pump suction at pump inlet 
(inches mercury) - max.: 
Clean System coe ep eet E c pr ey 6.0 6.0 6.0 
Dirty ;SyStern- i oce ga e ao trees 12.0 12.0 12.0 
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2200 rpm 2500 rpm 2800 rpm 


Cooling System 
Coolant temperature (дерг. F.) - normal .......................... 160-185 160-185 160-185 
Raw water pump: 

inlet restriction (inches mercury) - max. ...................... 5.01 5.01 5.0 

Outlet pressure (psi) - тах. ........................................... 10.0t 10.01 10.0 
Кее! cooler pressure drop (psi) 

Maximum through system sss 6.01 6.0t 6.0 
Compression 
Compression pressure (psi at sea level): 

Average - new engine - at 600 rpm _..................... 480 

Average - new “М” engine - at 600 rpm ............. 590 

Minimum - at 600 rpm ........................................... 430 

Minimum-'"N" engine - at 600 rpm ...................... 540 





*The lubricating oil temperature range is based on the temperature measurement in the oil pan at the oil pump inlet. 
When measuring the oil temperature at the cylinder block oil gallery, it will be 10? lower than the oil pan temperature. 

* Marine engines only 5.5 inches mercury at 2800 rpm. : 

+ + Marine engines only 3.8 inches mercury at 2800 rpm. 

1Maximum when this is the full-load engine speed. 

SFork lift trucks only when performance required is less than rated for injector used as power loss may be as high as 
9-12%—@ maximum rpm. 

# 2-53 reefer car engines only. 
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4-53 TURBOCHARGED ENGINES 





4-53 TURBOCHARGED ENGINES 2500 rpm 





Lubrication System 
Lubricating oil pressure (psi): 


Normal es Gace eas eere het et ad e utili wr lette e esos 40-60 
Minimum for safe operation ............................................. EORUM NECS 32.0 
“Lubricating oil temperature (degr. Р.) - max. sss 205-240 


Air System 
Air box pressure (inches mercury) - N70 injectors - full load: 


Minimum exhaust back pressure (clean ports) ............................................ 31.5.38.5 

Maximum exhaust back pressure .........sssssssssss eee eee 29.6-36.6 
Air inlet restriction (inches water) - full load max.: 

ATIUSIIen Cen «totes eo eb s ааган te Os Meere e IL LL reper do 20.0 
Crankcase pressure (inches water) - maximum ............... АБ. MC ! 1.0 
Exhaust back pressure (inches mercury) - maximum: 

Full Toad ise Re иар анасон Ыры Мру tS Asset Aad 2.5 

NOOI 4. жиынынын secet игу ie Meas aep end Beet Pes eee TC 1.8 


Fuel System 
Fuel pressure at inlet manifold (psi): 


Normal with .070 " restriction |... mee mme nns 45-70 

МЇ ИШТ aider ev eec me sc Н а toti us Tercer es 35.0 
Fuel spill (gpm) - minimum at no-load: 

ОО restriction. i.c eoe cheats onore e eS Erde e RS oats 0.6 
Cooling System 
Coolant temperature (degr. Е.) - normal oo... sse ; 160-185 
Compression 
Compression pressure (psi at sea level): 

Average - new engine - at 600 rpm ooe sss 480 

Minimum - at 600 rpm ooo. sse nre esee 


*The lubricating oil temperature range is based on the temperature measurement in the oil pan at the oil pump inlet. 
When measuring the oil temperature at the cylinder block oil gallery, it will be 10° lower than the oil pan temperature. 
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ENGINE RUN-IN INSTRUCTIONS 


Following a complete overhaul or any major repair job 
involving the installation of piston rings, pistons, 
cylinder liners or bearings, the engine should be “run- 
in" on a dynamometer prior to release for service. 


The dynamometer is a device for applying specific 
loads to an engine. Jt permits the serviceman to 
physically and visually inspect and check the engine 
while it is operating. It is an excellent method of 
detecting improper tune-up, misfiring injectors, low 
compression and other malfunctions, and may save an 
engine from damage at a later date. 


The operating temperature within the engine affects 
the operating clearances between the various moving 
parts of the engine and determines to a degree how 
the parts will wear. Normal coolant temperature (160° 
- 185°F.) should be maintained throughout the run-in. 


The rate of water circulation through the engine on a 
dynamometer should be sufficient to avoid having the 
engine outlet water temperature more than 10°F. 
higher than the water inlet temperature. Though a 10° 
rise across an engine is recommended, it has been 
found that a 15? temperature rise maximum can be 
permitted. 


Thermostats are used in the engine to control the 
coolant flow; therefore, be sure they are in place and 
fully operative or the engine will overheat during the 
run-in. However, if the dynamometer has a water 
stand-pipe with a temperature control regulator, such 
as a Taylor valve or equivalent, the engine should be 
tested without thermostats. 


The Basic Run-In Horsepower Schedule is shown in the 
Table. The horsepower shown in the table is at SAE 
conditions: dry air density 0705 Ib/cu. ft, air 
temperature of 85°F., and 500 ft. elevation. 


DYNAMOMETER TEST AND RUN-IN 
PROCEDURES 


The Basic Engine 


The great number of engine applications make any 
attempt to establish comparisons for each individual 
model impractical. For this reason, each model has a 
basic engine rating for comparison purposes. 


A basic engine includes only those items actually 
required to run the engine. The addition of any engine 
driven accessories will result in a brake horsepower 
figure less than the values shown in the Basic Engine 
Run-In Schedule. The following items are included on 
the basic engine: blower, fuel pump, fresh water pump 
and governor. The fan and battery-charging generator 
typify accessories not considered on the basic engine. 


In situations where other than basic engine equipment 
is used during the test, proper record of this fact 
should be made on the Engine Test Report. The effects 
of this additional equipment on engine performance 
should then be considered when evaluating test results. 


Dynamometer 


The function of the dynamometer is to absorb and 
measure the engine output. [ts basic components are a 
frame, engine mounts, the absorption unit, a heat 
exchanger. and a torque loading and measuring 
device. 


The engine is connected through a universal coupling 
to the absorption unit. The load on the engine may be 
varied from zero to maximum by decreasing or 
increasing the resistance in the unit. The amount of 





BASIC RUN-IN HORSEPOWER SCHEDULE* 

















| 2-Valve Head | 4-Valve Head 

Time 2-53 | 3-53 | 4-53 | 3-53 | 4-53 | 4-537** | 6v-53 |  8V-53 
10 Min. 10 15 20 15 20 20 30 40 
1/2 Hr. 30 
1/2 Hr. 40 
1/2 Hr. 64 87 64 87 89 130 175 
1/2 Hr. 68 92 
1/2 Hr. 133 
1/2 Hr. 150 
1/2 Hr. 85 115 171 228 





Final run-in (within 596 of Rated BHP) should be for | 1/2 hours at 2000 rpm for 2-53 engine, 2200 rpm for all 2-Valve 
cylinder head engines, 2500 rpm for 4-53 turbocharged engines (4-Valve) and 2800 rpm for all other 4-Valve) cylinder 


head engines. 
*545 and N45 Injectors Only 


** Prior to starting the engine, remove the turbocharger oil supply line at the turbocharger and add CLEAN engine oil to the 


turbocharger oil inlet. to insure pre-lubrication of the unit. 


Reconnect the oil line and idle the engine for at least one 


minute after starting and before increasing the engine speed to 1200 rpm. 
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power absorbed in a water brake type dynamometer, 
as an example. is governed by the volume of fluid 
within the working system. The fluid offers resistance 
to a rotating motion. By controlling the volume of 
water in the absorption unit, the load may be 
increased or decreased as required. 


The power absorbed is generally measured in torque 
(lb-ft) on a suitable scale. This value for a given 
engine speed will show the brake horsepower 
developed in the engine by the following formula: 


BHP = (T x RPM)/5250 
Where: 


BHP = brake horsepower 
Т = torque in lb-ft 
RPM = revolutions per minute 


Some dynamometers indicate direct brake horsepower 
readings. Therefore, the use of the formula is not 
required when using these units. 


During the actual operation, all data taken should be 
recorded immediately on ап Engine Test Report (see 
sample on page 4). 


Instrumentation 


Certain instrumentation is necessary so that data 
required to complete the Engine Test Report may be 
obtained. The following list contains both the 
minimum amount of instructions and the proper 
location of the fittings on the engine so that the 
readings represent a true evaluation. of engine 
conditions. 


a. Oil pressure gage installed in one of the engine 
main oil galleries. 


b. Oil temperature gage installed in the oil pan, or 
thermometer installed in the dipstick hole in the 
oil pan. 


c. Adaptor for connecting a pressure gage or mercury 
manometer to the engine air box. 


d. Water temperature gage installed in the thermo- 
stat housing. 


e. Adaptor for connecting à pressure gage or water 
manometer to the crankcase. 


f. Adaptor for connecting a pressure gage or mercury 
manometer to the exhaust manifold at the flange. 


g. Adaptor for connecting a vacuum gage or water 
manometer to the blower inlet. 


h. Adaptor for connecting a fuel pressure gage to the 
fuel manifold inlet passage. 


i. Adaptor for connecting a pressure gage or mercury 
manometer to the turbocharger. 


In some cases, gages reading in pounds per square 
inch are used for determining pressures while standard 
characteristics are given in inches of mercury or inches 
of water. It is extremely important that the scale of 
such a gage be of low range and finely divided if 
accuracy is desired. This is especially true of a gage 
reading in psi, the reading of which 15 to be converted 
to inches of water. The following conversion factors 
may be helpful. 


Inches of water = psi x 27.7" 
Inches of mercury — psi x 2.04" 


NOTE: Before starting the Run-In or starting 
һе engine for any reason following an 
overhaul, it is of extreme importance to observe 
the instructions on Preparation for Starting 
Engine First Time in Section 13.1. 


Run-In Procedure 


The procedure outlined below will follow the order of 
the sample Engine Test Report. 


A. PRE-STARTING 


1. Fil the lubrication system as outlined under 
Lubricating System -- Preparation for Starting Engine 
First Time in Section 13.1. 


2. Prime the fuel system as outlined under Fuel System 
-- Preparation for Starting Engine First Time in Section 
13.1. 


3. A preliminary valve clearance adjustment must be 
made before the engine is started. See Valve Clearance 
Adjustment in Section 14.1. 


4. A preliminary injector timing check must be made 
before starting the engine. See Timing Injector in 
Section 14.2. 


5. Preliminary governor adjustments must be made as 
outlined in Section 14. 


6. Preliminary injector rack adjustment must be made 
-- see Section 14. 
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B. BASIC ENGINE RUN-IN 


The operator should be observant at all times, so that 
any malfuncuon which may develop will be detected. 
Since the engine has just been reconditioned, this run- 
in will be a test of the workmanship of the serviceman 
who performed the overhaul. Minor difficulties should 
be detected and corrected so that a major problem will 
not develop. 


After performing the preliminary steps, be sure all 
water valves, fuel valves, etc are open. Also inspect the 
exhaust system, being sure that it is properly 
connected to the engine. Always start the engine with 
minimum dynamometer resistance. 


After the engine starts, if using a water brake type 
dynamometer, allow sufficient water, by means of the 
control loading valves, into the dynamometer absorp- 
tion unit to show a reading of approximately 5 lb-ft on 
the torque gage (or 10-15 HP on a horsepower gage). 
This is necessary, on some units, to lubricate the 
absorption unit seals and to protect them from 
damage. 


Set the engine throttle at idle speed, check the 
lubricating oil pressure and check all connections to be 
sure there are no leaks. 


Refer to the Engine Test Report sample which 
establishes the sequence of events for the test and run- 
in, and to the Basic Run-In Horsepower Schedule which 
indicates the speed (rpm), length of time and the 
brake horsepower required for each phase of the test. 
Also, refer to the Operating Conditions in Section 13.2 
which presents the engine operating characteristics. 
These characteristics will be a guide for tracing faulty 
operation or lack of power. 


Engine governors in most cases must be reset at the 
maximum full-load speed designated for the run-in. If 
а governor is encountered which cannot be adjusted to 
this speed, a stock governor should be installed for the 
run-in. 


After checking the engine performance at idle speed 
and being certain the engine and dynamometer are 
operating properly, increase the engine speed to half 
speed and apply the load indicated on the Basic Run- 
In Horsepower Schedule. 


The engine should be run at this speed and load for 10 
minutes to allow sufficient time for the coolant 
temperature to reach the normal operating range. 
Record length of time, speed. brake horsepower, 
coolant temperature and lubricating oil pressure on 
the Engine Test Report. 


Run the engine at each speed and rating for the length 
of time indicated in the Basic Run-In Horsepower 
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Schedule. This is the Basic Run-In. During this time 
engine performance will improve as new parts begin 
to "seat in". Record all of the required data. 


C. BASIC RUN-IN INSPECTION 


While the engine is undergoing the Basic Run-In, 
check each item indicated in Section "C" of the Engine 
Test Report. Check for fuel oil or water leaks in the 
rocker arm compartment. 


During the final portion of the Basic Run-In, the 
engine should be inspected for fuel oil, lubricating oil 
and water leaks. 


Upon completion of the Basic Run-In and Inspection, 
remove the load from the dynamometer and reduce 
the engine speed gradually to idle and then stop the 
engine. 


D. INSPECTION AFTER BASIC RUN-IN 


The primary purpose of this inspection is to provide a 
fine engine tune-up. First, tighten the cylinder head 
and rocker arm shaft bolts to the proper torque. Next, 
complete the applicable tune-up procedure. Refer to 
Section 14. 


E. FINAL RUN-IN 


After all of the tests have been made and the Engine 
Test Report is completed through Section "D", the 
engine is ready for final test. This portion of the test 
and run-in procedure will assure the engine owner that 
his engine has been rebuilt to deliver factory rated 
performance at the same maximum speed and load 
which will be experienced in the installation. 


If the engine has been shut-down for one hour or 
longer. it will be necessary to have a warm-up period 
of 10 minutes at the same speed and load used for 
warm-up in the Basic Run-In. If piston rings, cylinder 
liners or bearings have been replaced as a result of 
findings in the Basic Run-In, the entire Basic Run-In 
must be repeated as though the run-in and test 
procedure were started anew. 


АП readings observed during the Final Run-In should 
fall within the range specified in the Operating 
Conditions in Section 13.2, and should be taken at full 
load unless otherwise specified. Following is a brief 
discussion of each condition to be observed. 


The engine warer temperature should be taken during 
the last portion of the Basic Run-In at full load. It 
should be recorded and should be within the specified 
range. 





October, 1970 SEC. 13.2.1 Page 3 


13.2.1 Run-In Instructions DETROIT DIESEL 53 





ENGINE TEST REPORT 


Date сс гы Unit Number 
Repair Order Number 2 LL Model Number 
PRE-STARTING 


1. PRIME LUB. 2. PRIME FUEL 3. ADJUST 4. TIME 5. ADJ. 6. ADJUST INJ. 
OIL SYSTEM SYSTEM EXHAUST VALVES INJECTORS GOV. RACKS 


BASIC ENGINE RUN-IN С BASIC RUN-IN INSPECTION 
TIME 


AT 
SPEED | START | STOP 2. Inspect for lubricating oil leaks 


3. Inspect for fuel oil leaks 


ИШ 4. Inspect for water leaks 
EET 


5. Check and tighten all external bolts 


1, Tighten Cylinder Head & Rocker Shaft Bolts 
2. Adjust Valves (Hot) 


3. Time Injectors 


TOP RPM BHP | AIR BOX PRESSURE | EXHAUST BACK CRANKCASE 


START STOP NO-LOAD FULL LOAD FULL LOAD PRESSURE F/L PRESSURE F/L 
INNEN ES NEN EET CRINE NE DERE RENE 


BLOWER INTAKE FUEL OIL WATER TEMP. | LUB. OIL LUB, OIL PRESSURE 


RES. - F/L KENN UE FULL LOAD | TEMP. F/L ЧЫР 
ee eal Meet tals tio ee ЭЙБЕР ИН БАРБЕКЮ USER 

F INSPECTION AFTER FINAL RUN | 

l. Inspect Air Box, Pistons, Liners, Rings 

2. Inspect Blower 

3. Check Generator Charging Rate 

4, Wash Oil Pan, Check Gasket 

5. Clean Oil Pump Screen, Remove Cloth 

REMARKS: 




















Final Run OK'd: Dynamometer 





NOTE: Operator must initial each check and sign this report. 
I n сы 55 ле Б 1 A сы pe eir E айыу mm Mone eL rm i e qe eie 


DT eA аа E ере RR i E RENE MERE EO 
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The /ubricating oil temperature reading must be taken 
while the engine is operating at full load and after it 
has been operating long enough for the temperature to 
stabilize. This temperature should be recorded and 
should be within the specified range. 


The lubricating oil pressure should be recorded in psi 
after being taken at engine speeds indicated in the 
Operating Conditions, Section 132. 


The fuel oil pressure at the fuel manifold inlet passage 
should be recorded and should fall within the specified 
range. Fuel pressure should be recorded at maximum 
engine rpm during the Final Run-In. 


Check the air box pressure while the engine is 
operating at maximum speed and load. This check 
may be made by attaching a suitable gage (0-15 psi) 
or manometer (15-0-15) to an air box drain or to a 
hand hole plate prepared for this purpose. If an air 
box drain is used as a source for this check, it must be 
clean. The air box pressure should be recorded in 
inches of mercury. 


Check the crankcase pressure while the engine is 
operating at maximum  run-in speed. Attach a 
manometer, calibrated to read in inches of water, to 
the oil level dipstick opening. Normally, crankcase 
pressure should decrease during the run-in indicating 
that new rings are beginning to "seat-in". 


Check the air inlet restriction with a water manometer 
connected to a fitting in the air inlet ducting located 
2" above the air inlet housing. When practicability 
prevents the insertion of a fitting at this point, the 
manometer may be connected to a fitting installed in 
the 1/4" pipe tapped hole in the engine air inlet 
housing. If a hole is not provided, a stock housing 
should be drilled, tapped and kept on hand for future 
use. 


The restriction at this point should be checked at a 
specific engine speed. Then. the air cleaner and 
ducting should be removed from the air inlet housing 
and the engine again operated at the same speed while 
noting the manometer reading. The difference between 
the two readings, with and without the air cleaner and 
ducting, is the actual restriction caused by the air 
cleaner and ducting. 


Check the normal air intake vacuum at various speeds 
(at no-load) and compare the results with the Engine 
Operating Conditions in section 13.2. Record these 
readings on the Engine Test Report. 


Check the exhaust back pressure at the exhaust 
manifold companion flange or within one inch of this 
location. This check should be made with a mercury 
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manometer through a tube adaptor installed at the 
tapped hole. If the exhaust manifold does not provide 
a 1/8" pipe tapped hole, such a hole can be 
incorporated by reworking the exhaust manifold. 


Install a fitting for a pressure gage or manometer in 
this hole. Care should be exercised so that the fitting 
does not protrude into the stack. The manometer check 
should produce a reading in inches that is below the 
Maximum Exhaust Back Pressure for the engine (refer 
to Section 13.2). 


Turbocharger compressor outlet pressure and turbine 
inlet pressures are taken at full-load and no-load 
speeds. 


Refer to the Basic Run-In Horsepower Schedule and 
determine the maximum rated brake horsepower and 
the full-load speed to be used during the Final Run-In. 
Apply the load thus determined to the dynamometer. 
If a hydraulic governor is used, the droop may be 
adjusted at this time by following the prescribed 
procedure. The engine should be run at this speed and 
load for 1/2 hour. While making the Final Run-In, the 
engine should develop, within 5%, the maximum rated 
brake horsepower indicated for the speed at which it is 
operating. If this brake horsepower is not developed, 
the cause should be determined and corrections made. 


When the above conditions have been met, adjust the 
maximum  no-load speed to conform with that 
specified for the particular engine. This speed may be 
either higher or lower than the maximum speed used 
during the Basic Run-In. This will ordinarily require a 
governor adjustment. 


All information required in Section "E", Final Run-in. 
of the Engine Test Report should be determined and 
filled in. After the prescribed time for the Final Run- 
In has elapsed, remove the load from the dynamome- 
ter and reduce the engine speed gradually to idle 
speed and then stop the engine. The Final Run-In is 
complete. 


F. INSPECTION AFTER FINAL RUN-IN 


After the Final Run-In and before the Engine Test 
Report is completed, a final inspection must be made. 
This inspection will provide final assurance that the 
engine is in proper working order. During this 
inspection the engine is also made ready for any brief 
delay in delivery or installation which may occur. This 
is accomplished by rust-proofing the fuel system as 
outlined in Section 15.3. Also, a rust inhibitor should 
be introduced into the cooling system (refer to 
Section 13.3). 


_———_—.—————.———-————————-—-————-—-—-——є.——————————Є——-—————-—— 
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DIESEL FUEL OIL SPECIFICATIONS 


The quality of the fuel oil used for high-speed diesel 
engine operation is a major factor in satisfactory 
engine performance and life. The fuel oils selected 
must be clean, completely distilled, stable, and 
non-corrosive. Enlist the aid of your supplier in 
obtaining proper fuel oil. The responsibility for 
clean fuel lies with the fuel supplier as wellas 
with the operator. 


DISTILLATION RANGE, CETANE NUMBER, AND 
SULFUR CONTENT are three of the most important 
properties in the selection of diesel fuels for opti- 
mum combustion and minimum wear. Engine speed, 
load, and atmospheric temperature influence the 
selection of the fuels with respect to distillation 
range and cetane number. THE SULFUR CONTENT 
OF THE FUEL MUST BE AS LOW AS POSSIBLE, 
to avoid excessive deposit formation and prema- 
ture wear. 


Diesel fuels are generally marketed according to 
ASTM DESIGNATION D975 and only distillate fuels 
No. 1D and 2D are considered satisfactory for 
Detroit Diesel engines, Residual fuels and furnace 
oils, generally, are not considered satisfactory 
for Detroit Diesel engines. In some regions, how- 
ever, fuel suppliers may distribute only one fuel 
that is marketed as either diesel fuel (ASTM 
D-975) or domestic heating fuel (ASTM D-396). In 
this case, the fuel should be investigated to deter- 
mine whether the physical properties conform with 
those shown in the Fuel Oil Selection Chart. 


As a guide to the selection of the proper fuel oil for 


FUEL OIL SELECTION CHART 





Typical 
Application 


Type of 
Engine Service 











various applications refer to the ASTM Classifica- 
tion Chart and the Fuel Oil Selection Chart. 


ASTM Classification of Diesel Fuel Oils 


Flash Pt.; °F Min. 
Carbon Residue; % 
Water and Sediment; 
o5 by Volume) Max. 
Ash; 96 by Wt.; Max. 
SE 





Distillation, 
90% Pt.; Max. 
Min. 
Viscosity at 1009F; 
centistokes Min. 


Max. 


Sulfur; 96 Mox. 
Cetone No; Min. 











Engine operation at altitudes above 5000 feet re- 
quires use of next lighter class of fuel oilthan 
would normally be used. 


During cold weather engine operation, the ''cloud 
point" (the temperature at which wax crystals be- 
gin to form in the fuel oil) should be 10°F. below 
the lowest expected fuel temperature to prevent 
clogging of the fuel filters by wax crystals. 


At temperatures below -20°Е. consult an authorized 
Detroit Diesel Service Outlet, since particular 
attention must be given the cooling system, lubri- 
cating system, fuel system, electrical system, and 
cold weather starting aids for efficient engine 
Operation. 

























General Final 
Fuel Boiling Point 
Classification (Max.) (Max.) 











Light load and speed 


with considerable idling. City Buses 












Generator Sets, Industrial and 
Automotive Equipment in 
city and suburban operation. 


Light load and speed. 





Marine Р! Craft, 
Medium load and speed. d T Id ET 





Heavy load and high 


Highway Trucks 
speed with idling. 









H eavy Duty Off-the-Road 


Heavy load and high 
Equipment, Trucks, Tractors 


speed. 








Wi 








No. 1-D 45 


0.3096 














nter. No. 1-D 550°F 45 0.30% 
Summer No. 1-D 600° F 40 0.50% 


Winter No. 1-D 


Summer No. 2-D* 


Winter No. 2-D* 


Summer Мо. 2-D* 










Tractors, Industrial Equipment. 




















5 | 65% 
& | osm 


| э 
e | 


0.50% 
































*NOTE: 








For most satisfactory engine life, use only those No. 2-D diesel fuel oils containing 0.50% or less sulfur. Where mini- 


mum exhaust smoke is required or where long periods of idling or cold weather conditions below 32°F. аге encoun- 
tered, the more volatile or light distillate fuels are recommended. 


BREAK-IN OILS AND ADDITIVES MARKETED FOR FUELS AND LUBRICANTS 


The use of proprietary blends of supplementary additive or concentrates such as engine oil supplements, 
break-in oils, tune-up compounds and friction reducing compounds is not recommended in lubricating oils 
used in Detroit Diesel engines unless given official Detroit Diesel part numbers and made available for use in 
appropriate service applications. This also applies to the use of metal containing diesel fuel additives. 
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DIESEL LUBRICATING OIL SPECIFICATIONS 


OIL QUALITY 


There are hundreds of commercial crankcase oils mar- 
keted today. Lubricants marketed for heavy duty diesel 
service consist of refined crude oil to which has been 
added additives compounded to meet the desired engine 
performance levels. Oil additive selection is based on 
evaluations conducted by the oil supplier; therefore, 
satisfactory OIL QUALITY is the responsibility of the 
oil supplier. (The term oil supplier is applicable to re- 
finers, blenders and rebranders of petroleum products, 
and does not include distributors of such products.) Ex- 
perience has shown that oil performance in commercial 
heavy duty diesel service applications varies from 
brand to brand. 


Obviously engine manufacturers or users cannot com- 
pletely evaluate the hundreds of commercial oils; there- 
fore, the selection of a suitable lubricant in consultation 
with a reliable oil supplier, strict observance of his oil 
change recommendations (used oil sample analysis can 
be of value), and proper filter maintenance will provide 
your best assurance of satisfactory oil performance. 


Detroit Diesel lubricant recommendations are based on 
general experience with current lubricants of various 
types and give consideration to the commercial lubri- 
cants presently available. 


RECOMMENDATION 
MIL-L-2104B Lubricants 


Detroit Diesel engines have given optimum perfor- 
mance, and experienced the longest service life with 
MIL-L-2104B, SAE 30 oils. However, the additive 
concentration of some MIL-L-2104B oils has been 
substantially increased in order to meet 1968-1969 MS 
performance requirements. Some of these 1968-1969 
MS/ MIL-L-2104B oils have given unsatisfactory perfor- 
mance because of excessive exhaust valve and ring-belt 
ash deposits. For these reasons our primary lubricant 
recommendations are MIL-L-2104B and Supplement 1 
oils with the following limitations: 


1. Zinc, as zine diorganodithiophosphate, between a 
minimum of 0.07 and a maximum of 0.10 percent by 
weight. 


2. Sulfated ash (ASTM D-874) of 1.00 percent maximum 
by weight, except lubricants that contain only barium 
detergent - dispersants where 1.50 percent by weight 
is allowed. 


Contact a reliable oil supplier and obtain his assurance 
that his product has been tested and given good perfor- 
mance in Detroit Diesel engines. An SAE 30 oil is 
recommended for year-round use. The use of lower 
viscosity oils or multigrade products will usually result 
in less than normal engine life. 


MIL-L-45199B (Series 3) Lubricants 


The use of Low Ash Series 3 oils (sulphated ash less 
than 1.65 percent by weight - ASTM designation D- 874) 
may be necessary if the continued use of bigh sulfur 
fuel (sulfur greater than 0.5 percent by weight - ASTM 
D-129) is unavoidable. Consult a reliable oil supplier, 
Obtain assurance that his products have been tested in 
Detroit Diesel engines, and select the best performer 
for optimum engine Не. 


Low ash Series 3 oils do NOT have to meet any specific 
military low temperature performance requirements; 
therefore, they may NOT perform as well as MIL-L- 
2104B lubricants in cold climates. 





The older high ash Series 3 oils should NOT be used in 
Detroit Diesel engines as they tend to deposit heavy ash 
on valve faces and head inserts resulting in channelling, 
guttering, and short engine life. 


Supplement ! Lubricating Oils 
See MIL-L-2104B limitations under Recommendation. 


Multigrade Lubricating Oils 


Multigrade oils are NOT recommended. The use of an 
SAE-30 grade is desirable for year-round use when 
cold starting can be accomplished. Multigrade oils 
should be considered only as the ‘‘last resort’’ to facil- 
itate starting when prolonged exposure to temperatures 
below freezing is unavoidable and adequate starting aids 
are unavailable. 


Experience clearly indicates that multigrade oils are 
NOT comparable to SAE-30 lubricants for heavy duty 
diesel service. Cylinder liner scuffing, liner port and 
ring groove deposit levels are all greater using multi- 
grade lubricants. This results in shortened engine life. 


COLD WEATHER OPERATION 


Cold weather starting will be facilitated whenimmersion 
type electrical coolant heaters can be used. Other 
practical considerations, such as the use of batteries, 
cables and connectors of adequate size, generators or 
alternators of ample capacity, proper setting of voltage 
regulators, ether starting aids, oil and coolant heater 
Systems, and proper fuel selection will accomplish 
starting with the use of SAE-30 oil. For complete cold 
weather starting information, consult an Authorized 
Detroit Diesel Service Outlet. 


OIL CHANGES 


It is recommended that new engines be started with 100 
hour oil change periods. For highway vehicles this cor- 
responds to approximately 3,000 miles, and for ''city- 
service’’ vehicles approximately 1,000-2,000 miles. The 
drain interval may then be gradually increased, or de- 
creased with experience on a specific lubricant while 
also considering the recommendations of the oil supplier 
(analysis of the drained oil can be helpful here) until the 
most practical oil change period for the particular ser- 
vice has been established. 


Solvents shouid not be used as flushing oils in running 
engines. Dilution of the fresh refill oil supply can 
occur which may be detrimental. 


OIL FILTRATION 


Heavy sludge deposits found on the oil filter elements 
at the time of an oil change must be taken as an indica- 
tion that the detergency of the oil has been exhausted. 
When this occurs, the oil drain interval should be 
shortened. Since abrasive dust, metal particles and 
carbon material accumulate in the lubricating oil dur- 
ing engine operation, the oil filter elements must be 
replaced each time the oil is changed. 


NOTE: The manufacturer's warranty ap- 
plicable to Detroit Diesel engines provides 
in part that the provisions of such war- 
ranty shall not apply to any engine unit 
which has been subject to misuse, negli- 
gence or accident. Accordingly, malfunc- 
tions attributable to neglect or failure to 
follow the manufacturer's lubricating rec- 
ommendations indicated above may not be 
within the coverage of the warranty. 
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ENGINE COOLANT 


Engine coolant 1s considered as any solution which is 
circulated through the engine to provide the means for 
heat transfer from the various engine components. In 
general. water containing various materials in solution 
is used for this purpose. 


The function of the coolant is basic in the design and 
the successful operation of the engine and must be 
carefully selected and properly maintained. 


COOLANT REQUIREMENTS 


A suitable coolant solution must meet the following 
five basic requirements: 


l. Provide for adequate heat transfer. 


2. Provide a corrosion resistant environment within the 
cooling system. à 


3. Prevent formation of scale or sludge deposits in the 
cooling system. 


4. Be compatible with the cooling system hose and seal 
materials. 


5. Provide adequate freeze protection. during cold 
weather operation. 


Normally requirements | through 4 are satisfied by 
combining a suitable water with reliable inhibitors. 
When operating conditions dictate the need for freeze 
protection, a solution of suitable water and an ethylene 
glycol type antifreeze containing adequate inhibitors 
will provide a satisfactory coolant. 


WATER 


Any water, whether of drinking quality or not. will 
produce a corrosive environment in the cooling system. 
Also. scale deposits may form on the internal surfaces 
of the cooling system due to the mineral content of the 
water. Therefore, water selected as a coolant must be 
properly treated with inhibitors to control corrosion 
and scale deposition. 


To determine if a particular water is suitable for use 
as a coolant when properly inhibited. the following 
characteristics must be considered. The concentration 
of (1) chlorides, (2) sulfates, (3) total hardness and (4) 
dissolved solids. These materials are objectionable for 
a number of reasons: chlorides and/or sulfates will 
accelerate corrosion, while hardness (percentage of 
magnesium and calcium present) will cause deposits of 
scale. Total dissolved solids may cause scale deposits, 


sludge deposits. corrosion or a combination of these. 
Chlorides, sulfates, magnesium апа calcium are 
among but not necessarily all the materials which 
make up dissolved solids. Water, within the limits 
specified in Tables 1 and 2, Figure A, is satisfactory 
as an engine coolant when proper inhibitors are 
added. 


CORROSION INHIBITORS 


A corrosion inhibitor is a water soluble chemical 
compound which protects the metallic surfaces of the 
cooling system against corrosive attack. Some of the 
more commonly used corrosion inhibitors are chro- 
mates, borates. nitrates, nitrites and soluble oil. 
Depletion of all types of inhibitors occur through 
normal operation and therefore strength levels must 
be maintained by the addition of inhibitors at 
prescribed intervals. 


CHROMATES: Sodium chromate and potassium 
dichromate are two of the best and more commonly 
used water system corrosion inhibitors. Care should be 
exercised in handling these materials due to their toxic 
nature. 


Chromate inhibitors should лог be used in ethylene 
glycol antifreeze solutions. Chromium hydroxide, 
commonly called “green slime”, can result from the 
use of chromate inhibitors with permanent type 
anufreeze. This material deposits on the cooling 
system passages, reducing the heat transfer rate and 
will result in engine overheating. Engines which have 
operated with a chromate inhibited water must be 
chemically cleaned before the addition of ethylene 
glycol type antifreeze. A commercial heavy duty de- 
scaler should be used in accordance with the 
manufacturer's recommendation for this purpose. 


SOLUBLE OIL: Soluble oil has been used as a 
corrosion inhibitor for many years. It has, however, 
required very close attention relative to the concentra- 
tion level due to adverse effects on heat transfer if the 
concentration exceeds 1% by volume. For example: 
1-1/4% of soluble oil in the cooling system increases 
fire deck temperatures 6% and a 2-1/2% concentration 
raises fire deck temperature up to 15%. Soluble oil is 
not recommended as а corrosion inhibitor. 


NON-CHROMATES: Non-chromate inhibitors (bo- 
rates, nitrates, nitrites. etc.) provide corrosion 
protection in the cooling system with the basic 





March, 1973 SEC. 13.3 Page 3 


13.3 Fuel, Oil and Coolant Specifications DETROIT DIESEL 53 





TABLE 1 


PARTS PER GRAINS PER 
MILLION GALLON 


Chlorides (Maximum) 40 2.5 
Sulfates (Maximum) 100 5.8 


Total Dissolved Solids Maximum) 340 20 
Total Hardness (Maximum! 170 10 


Refer to Table 2 for evaluation of water intended for use in a coolant solution. 








TABLE 2 














Determine The Concentrations 
Of Chlorides. Sulfates. And 
Total Dissolved Solids 
In The Water 









Chlorides Under 40 ppm. 








Chlorides Over 40 ppm. 
О 


Апа г 
Sulfates Under 100 ppm. Sulfates Over 100 ppm. 
And O 





r 
Total Dissolved Solids 
Over 340 ppm. 


Total Dissolved Solids 
Under 340 ppm. 









Determine Total 
Hardness Of The Water 









Disull. De-mineralize. 
Or De-ionize The Water 


Water Suitable For 
Use in Coolant 


Plus Inhibitors 










Total Hardness 
Over 170 ppm 


Soften 
The Water 


Water Suitable For 
Use In Coolant 
Plus Inhibitors 


Total Hardness 
Under 170 ppm 












Figure A 
advantage that they can be used with either water or a chemical compounds which provide corrosion protec- 
water and ethylene glycol solution. поп. pH control and water softening ability. Corrosion 


protection has been discussed earlier under the section 
on Corrosion Inhibitors. The pH control is used to 
INHIBITOR SYSTEMS maintain an acid free solution. The water softening 
ability deters formation of mineral deposits. Inhibitor 
systems are available in various forms such as coolant 


An inhibitor system is considered as a combination of 
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COOLANT INHIBITOR CHART 


Corrosion 


Inhibitor or Inhibitor 


Inhibitor System Type 


Sodium Chromate Chromate 


Potassium Dichromate Chromate 


Perry Filter Element 
5020 (Type О & OS) 


Perry Filter Element 
5030 (Type O & OS) 


*Perry Filter Element 
PAF Non-Chromate 


Chromate 


Non-Chromate 


Lenroc Filter Non-Chromate 


Nalcool 2000 Non-Chromate 


*Discontinued August 1968. 





Coolant 
Ethylene Glycol 
Solution 


Complete 

Inhibitor 

System 
No х Мо 
Мо 


Figure B: 


HEAT TRANSFER CAPACITY 


1/16" 
MINERAL DEPOSIT 


1" CAST IRON PLUS 1/16" MINERAL DEPOSIT = 
4 1/4" CAST IRON IN HEAT TRANSFERABILITY 





Figure C 


filter elements, liquid and dry bulk inhibitor additives 
and as an integral part of permanent anufreeze. 


COOLANT FILTER ELEMENTS: Replaceable ele- 
ments are available with various chemical inhibitor 
svstems. Care should be used in the selecuon of 
elements relative to inhibitor. compatibility with 
coolant solutions shown in Figure B. 


Problems have developed from the use of the 
magnesium lower support plate used by some 
manufacturers in their coolant filters. The magnesium 
plate will be attacked by solutions which will not be 
detrimental to other metals in the cooling system. The 


dissolved magnesium will be deposited in the hottest 
zones of the engine where heat transfer is most critical 
(Figure C). The use of aluminum or zinc in preference 
to magnesium is recommended to eliminate this type 
of deposit. 


A high chloride coolant will have a detrimental effect 
on the water softening capabilities of systems using 
ion-exchange resins. Accumulations of calcium and 
magnesium ions removed from the coolant and held 
captive by the zeolite resin can be released into the 
coolant by a regenerative process caused by high 
chloride content solutions. 


BULK INHIBITOR ADDITIVES: Commercially pack- 
aged inhibitor systems are available which can be 
added directly to the engine coolant or to bulk storage 
tanks containing coolant solution. Both chromate and 
non-chromate systems are available and care should 
be taken regarding inhibitor compatability with other 
coolant constituents (Figure В). 


A non-chromate inhibitor system is recommended for 
use in Detroit Diesel engines. These systems can be 
used with either water or ethylene glycol antifreeze 
solutions and provide corrosion protection. pH control 
and water softening. One of the approved non- 
chromate inhibitor systems. Nalcool 2000. offers the 
additional advantage of a simple on site test to 
determine protection level and. since this product is 
added directly to the coolant, it requires no additional 
hardware or plumbing. 
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ANTIFREEZE 


When freeze protection is required. an ethylene glycol 
base permanent antifreeze should be used. An 
inhibitor system is included in this type of antifreeze 
and no additional inhibitors are required on initial fill 
if a minimum antifreeze concentration of 30% by 
volume is used. Solutions of less than 30% concentra- 
tion do not provide sufficient corrosion protection. 
Concentrations over 67% adversely affect freeze 
protection and heat transfer rates (Figure D). 


Inhibitor depletion will occur in ethylene glycol base 
antifreeze through normal service. The inhibitors 
should be replenished at approximately 500 hour or 
20.000 mile intervals with a non-chromate inhibitor 
system. Commercially available inhibitor systems such 
as Nalcool 2000 may be used to re-inhibit anufreeze 
solutions. 


Several brands of permanent antifreeze are available 
with sealer additives. The specific type of sealers vary 
with the manufacturer. Antifreeze with sealer 
additives is not recommended for use in Detroit Diesel 
engines due to plugging problems throughout various 
areas of the cooling system. 


COOLANT RECOMMENDATIONS 


l. Always use a properly inhibited coolant. 


2. If freeze protection is required, always use ethylene 
glycol antifreeze. 


3. Re-inhibit antifreeze with a non-chromate inhibitor 
system. 


4. Always follow the manufacturer's recommendations 
on inhibitor usage and handling. 


5. Do not use soluble oil. 


6. Chromate inhibitors should never be used with 
permanent antifreeze. 




















*COOLANT FREEZING & 
BOILING TEMPERATURES 
vS 
ANTI-FREEZE CONCENTRATION 


—FREEZING POINTS 


T 
E 
M 
P 
E 
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A 
T 
у 
R 
Е 


m 














RECOMMENDED 
CONCENTRATION 
RANGE 30-67% 














ANTI-FREEZE CONCENTRATION (% BY VOLUME) 


Figure D 
7. Sealer type anufreeze should пог be used. 


8. Maintain prescribed inhibitor strength. 
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SECTION 14 
ENGINE TUNE-UP 


CONTENTS 
Engine Tune-Up Ргосейдиге$.............. иии екы hen ehe nemen ener ene 14 
Exhaust Valve Clearance Adijustment.................. eese eene nennen 14.1 
Timing. Fuel Injector:....... тиин re аа e te ee Ьа ve se eee e ТЕО aerae e 14.2 


Limiting Speed Mechanical Governor and Injector Rack Control Adjustment: 





(In-line Engine) 22а ронандаро иа ОНЕУ 14.3.1 
(V: fype Engine kennen Анаа Анал 14.3.2 
Variable Low-Speed Limiting Speed Mechanical Governor Adjustment: 
(In-Line and 6V-53 Епоіме)........................ а... nennen memes ees hee ree is 14.3.3 
ө Limiting Speed Mechanical Governor (Fast Idle Cylinder) Adjustment: 
(6V:53-Engin&) «o eut qut СК КОКО edam tie 14.3.4 
Variable Speed Mechanical Governor and Injector Rack Control Adjustment: 
Pierce (In-Line Industrial Engine) ..................... о.е 14.4.1 
Exposed Linkage (In-Line Engine)... meme nennen 14.4.2 
Enclosed Linkage (In-Line Engine) .................. е 14.4.3 
Tractor Type (In-Line Engine) ........ ce е 14.4.4 
DEPT EUIS TUE" 14.4.5 
Constant Speed Mechanical Governor and Injector Rack Control Adjustment 14.6 
Hydraulic Governor and Injector Rack Control Adjustment: 
(In-Line Engine)... iru oie eere ro roter eer e ee К eie oae e e ТООС 14.7.1 
(6V Engine) sacs ci "-—-—-————————————————— 14.7.2 
Supplementary Governing Device Adjustment: 
Engine Load Limit Оемісе............................... „а... he re eene enne 14.14 
e Throttle Delay Mechanism ........................ ааа ee 14.14 
There is no scheduled interval for performing an l. Limiting speed mechanical. 
engine tune-up. As long as the engine performance 15 
satisfactory, no tune-up should be needed. Minor 2. Variable speed mechanical. 
adjustments in the valve and injector operating 
mechanisms. governor. etc. should only be required 3. Constant speed mechanical. 
periodically to compensate for normal wear on parts. 
4. Hydraulic. 
Various types of governors are used. Since each 
governor has different characteristics, the tune-up The mechanical governors are identified by a name 
procedure varies accordingly. The following types of plate attached to the governor housing. The letters 
governors are used: D.W.-L.S. stamped on the name plate denote a 
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double-weight limiting speed governor. А single- 
weight variable speed governor name plate is stamped 
S.W.V.S. 


Normally, when performing a tune-up on an engine in 
service. it is only necessary to check the various 
adjustments for a possible change in the settings. 
However, 1f the cylinder head. governor, or injectors 
have been replaced or overhauled. then certain 
preliminary adjustments are required before the 
engine is started. 


The preliminary adjustments consist of the first four 
items in the tune-up sequence. The procedures are the 
same except that the valve clearance is greater for a 
cold engine. 


NOTE: If a supplementary governing device, 
such as a load limit device. is used. it must be 
disconnected prior to the tune-up. After the 
governor and injector rack adjustments are 
completed, the supplementary governing device 
must be re-connected and adjusted. 


To tune-up ап engine completely, all of the 
adjustments are made by following the applicable 
tune-up sequence given below after the engine has 
reached the normal operating temperature. Since the 
adjustments are normally made while the engine is 
stopped. it may be necessary to run the engine 
between adjustments to maintain normal operating 
temperature. 


Tune-Up Sequence for Mechanical Governor 
|. Adjust the exhaust valve clearance. 


2. Time the fuel injectors. 
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3. Adjust the governor gap. 

4. Position the injector rack control levers. 
5. Adjust the maximum no-load speed. 

6. Adjust the idle speed. 

7. Adjust the buffer screw. 


8. Adjust the throttle booster spring (variable speed 
governor only). 


NOTE: Use new valve rocker cover gasket(s) 
after each tune-up. 


Tune-up Sequence for Hydraulic Governor 
1. Adjust the exhaust valve clearance. 

2. Time the fuel injectors. 

3. Adjust the fuel rod. 

4. Posiuon the injector rack control levers. 
5. Adjust the load limit screw. 

6. Adjust the speed droop. 

7. Adjust the maximum no-load speed. 


NOTE: Use new valve rocker cover gasket(s) 
after each tune-up. 
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EXHAUST VALVE CLEARANCE ADJUSTMENT 


The correct exhaust valve clearance at normal engine 
operating temperature 1s important for smooth, 
efficient operation of the engine. 


Insufficient valve clearance can result in loss of 
compression, misfiring cylinders and, eventually, 
burned valve seats and valve seat inserts. Excessive 
valve clearance will result in noisy operation, 
especially in the low speed range. 


Whenever the cylinder head is overhauled, the exhaust 
valves are reconditioned or replaced, or the valve 
operating mechanism is replaced or disturbed in any 
way, the valve clearance must first be adjüsted to the 
cold setting to allow for normal expansion of the 
engine parts during the engine warm-up period. This 
will ensure a valve setting that is close enough to the 
specified clearance to prevent damage to the valves 
when the engine is started. 


ENGINES WITH TWO VALVE CYLINDER HEADS 


АП of the exhaust valves may be adjusted in firing 
order sequence during one full revolution of the 
crankshaft. Refer to the General Specifications at the 
front of the manual for the engine firing order. 


Exhaust Valve Clearance Adjustment (Cold 
Engine) 


1. Remove the loose dirt from the valve rocker cover 
and remove the cover. 


- 


^ " B 
2. Place the governor speed control lever in the idle 
speed position. If a stop lever is provided, secure it in 
the szop position. 


3. Rotate the crankshaft, manually or with the starting 
motor, until the injector follower is fully depressed on 
the particular cylinder to be adjusted. 


CAUTION: If a wrench is used on the crankshaft 
bolt at the front of the engine, do not turn the 





Fig. 1 - Adjusting Valve Clearance (Two Valve 
Head) 


crankshaft in a left-hand direction of rotation 
or the bolt may be loosened. 


4. Loosen the exhaust valve rocker arm push rod lock 
nut. 


5. Place an .011 " feeler gage, J 9708, between the 
exhaust valve stem and the rocker arm (Fig. 1). Adjust 
the push rod to obtain a smooth pull om the feeler 


gage. 


6. Remove the feeler gage. Hold the push tod with a 
5/16 " wrench and tighten the lock nut with a 1/2 " 
wrench. 


7. Recheck the clearance. At this time, if the 
adjustment is correct, the .010 ” feeler gage (J 9708) 
will pass freely between the valve stem and the rocker 
arm, but the .012 " feeler gage will not pass thtough. 
Readjust the push rod, if necessary. 


8. Adjust and check the remaining exhaust valves in 
the same manner as above. 


Exhaust Valve Clearance Adjustment (Hot 
Engine) 


Maintaining normal engine operating temiperature is 
particularly important when making the final exhaust 
valve clearance adjustment. If the engine is allowed to 
cool before setting any of the valves, the clearance, 
when running at full load, may become insufficient. 


l. With the engine at normal operating temperature 
(160 °-185 ° F.), recheck the exhaust valve clearance 
with feeler gage J 9708. At this time, if the valve 
clearance is correct, the 008” gage will pass freely 
between the end of the valve stem and the rocker arm 
and the .010 ” gage will not pass through. Readjust the 
push rod, if necessary. 


2. After the exhaust valve clearance has been adjusted, 
check the fuel injector timing (Section 14.2). 
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ENGINES WITH FOUR VALVE CYLINDER HEADS 





Fig. 2 - Adjusting Valve Clearance (Four Valve 
Head) 


All of the exhaust valves may be adjusted in firing 
order sequence during one full revolution of the 
crankshaft. Refer to the General Specifications at the 
front of the manual for the engine firing order. 


Exhaust Valve Clearance Adjustment (Cold 
Engine) 


1. Remove the loose dirt from the valve rocker cover 
and remove the cover. 


2. Place the governor speed control lever in the idle 
speed position. If a stop lever is provided, secure it in 
the stop position. 


3. Rotate the crankshaft. manually or with the starting 
motor, until the injector follower is fully depressed on 
the particular cylinder to be adjusted. 


CAUTION: If a wrench is used on the crankshaft 
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bolt at the front of the engine, do not turn the 
crankshaft in a left-hand direction of rotation 
or the bolt may be loosened. 


4. Loosen the exhaust valve rocker arm push rod lock 
nut. 


5. Place a .027 "' feeler gage, J 9708, between the end 
of one exhaust valve stem and the rocker arm bridge 
(Fig. 2). Adjust the push rod to obtain a smooth pull 
on the feeler gage. 


6. Remove the feeler gage. Hold the push rod with a 
5/16 " wrench and tighten the lock nut with a 1/2” 
wrench. 


7. Recheck the clearance. At this time, if the 
adjustment is correct, the .025 " gage will pass freely 
between the end of one valve stem and the rocker arm 
bridge and the 027” gage will not pass through. 
Readjust the push rod, if necessary. 


8. Adjust and check the remaining exhaust valves in 
the same manner as above. 


Exhaust Valve Clearance Adjustment (Hot 
Engine) 


Maintaining normal engine operating temperature is 
particularly important when making the final exhaust 
valve clearance adjustment. If the engine is allowed to 
cool before setting any of the valves, the clearance, 
when running at full load, may become insufficient. 


1. With the engine at normal operating temperature 
(160 °-185 ° Е.), recheck the exhaust valve clearance 
with feeler gage J 9708. At this time, if the valve 
clearance is correct, the .023 " gage will pass freely 
between the end of one valve stem and the rocker arm 
bridge and the 025” feeler gage will not pass 
through. Readjust the push rod, if necessary. 


2. After the exhaust valve clearance has been adjusted, 
check the fuel injector timing (Section 14.2). 
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FUEL INJECTOR TIMING 





Fig. 1 - Timing Fuel injector 


To ume an injector properly. the injector follower 
must be adjusted to a definite height in relation to the 
injector body. 


АП of the injectors can be timed in firing order 
sequence during one full revolution of the crankshaft. 
Refer to the General Specifications at. the front of the 
manual for the engine firing order. 


Time Fuel Injector 


After the exhaust valve clearance has been adjusted 
(Section 14.1), time the fuel injectors as follows: 


І. Place the governor speed control lever in the idle 
speed position. If a stop lever is provided. secure it in 
the szop position. 


2. Rotate the crankshaft, manually or with the starting 
motor, until the exhaust valves are fully depressed on 


the particular cylinder to be umed. 


CAUTION: If a wrench is used on the crankshaft 


Timing Timing 


Injector Dimension 


35 (Reefer Car) 


"With 1973 on-highway vehicle engines. 


INJECTOR TIMING GAGE CHART 


bolt at the front of the engine. do not turn the 
crankshaft in a left-hand direction of rotation 
or the bolt may be loosened. 


3. Place the small end of the injector timing gage 
(refer to the chart for the correct timing gage) in the 
hole provided in the top of the injector body. with the 
flat of the gage toward the injector follower (Fig. 1). 


4. Loosen the injector rocker arm push rod lock nut. 


5. Turn the push rod and adjust the injector rocker 
arm until the extended part of the gage will just pass 
over the top of the injector follower. 


6. Hold the push rod and tighten the lock nut. Check 
the adjustment and, if necessary. readjust the push 
rod. 


7. Time the remaining injectors in the same manner as 
outlined above. 


8. If no further engine tune-up is required, instal] the 
valve rocker cover. using a new gasket. 
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LIMITING SPEED MECHANICAL GOVERNOR AND 
INJECTOR RACK CONTROL ADJUSTMENT 


IN-LINE ENGINE 


After adjusting the exhaust valves and timing the fuel 
injectors, adjust the governor and position the injector 
rack control levers. 


NOTE: Loosen the load limit lever for the load 
limiting device, if the engine is so equipped, 
before proceeding with the governor 
adjustment. 


Adjust Governor Gap 


With the engine stopped and at operating tempera- 
ture. adjust the governor gap as follows: 


1. Remove the high speed spring retainer cover. 


2. Back out the buffer screw until it extends 5/8” 
beyond the governor housing. 


3. Clean and remove the valve rocker cover. 


4. Start the engine and adjust the idle speed screw 
(Fig. 5) to obtain an idle speed of 500-600 rpm. 


NOTE: The recommended idle speed is 500-600 
rpm. but may vary with special engine 
applications. 


5. Stop the engine and remove the governor cover. 


6. Start the engine and control the speed manually by 
operating the injector control tube lever. The engine 
speed should be between 800 and 1000 rpm. 


CAUTION: Do not overspeed the engine. 


7. Check the gap between the low speed spring cap 
and the high speed spring plunger with a .0015" 
feeler gage. If the gap setting 15 incorrect. reset the 
gap adjusung screw (Fig. 1). If the setting is correct. 
the 0015" movement сап be seen by placing a few 
drops of oil into the governor gap and pressing a 
screw driver against the gap adjusting screw. 
Movement of the cap toward the plunger will force the 
oil from the gap in the form of a small bead. 


8. Hold the gap adjusting screw and tighten the lock 
nut. 


9. Recheck the gap and readjust if necessary. 





GAP 
ADJUSTING 
SCREW 


HIGH SPEED 
SPRING PLUNGER 


— 
INJECTOR CONTROL 
TUBE LEVER 


Fig. 1 - Adjusting Governor Gap 


10. Install the governor cover. The governor cover 
should be placed on the housing with the pin of the 
speed control lever projecting into the slot of the 
differential lever. 


11. Install the screws and lock washers finger tight. Pull 
the cover away from the engine and tighten the 
screws. [his step will properly locate the cover on the 
governor housing. 


Position Injector Rack Control Levers 


The posiuon of the injector racks must be correctly set 
in relation to the governor. Their position determines 
the amount of fuel injected into each cylinder and 
ensures equal distribution of the load. 


Adjust the rear injector rack control lever first to 
establish a guide for adjusting the remaining injector 


rack control levers. 


1. Disconnect any linkage attached to the speed control 
lever. 


2. Loosen all of the inner and outer injector rack 
control lever adjusting screws (Fig. 2). Be sure all of 


the levers are free on the injector control tube. 


3. Move the speed control lever to the full-fuel 
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Fig. 2 - Positioning the Rear Injector Rack 
Control Lever 


position. Turn the inner adjusting screw down on the 
rear injector rack control lever until a step-up in effort 
is noted. This will place the rear injector rack in the 
full-fuel position. Turn down the outer adjusung screw 
until it bottoms lightly on the injector control tube. 
Then alternately tighten. both the inner and outer 
adjusting. screws. This should result in placing the 
governor linkage and control tube assembly in the 
same positions that they will attain while the engine 15 
running at full-load. 


4. To be sure of proper rack adjustment. hold the 
speed control lever in the full-fuel position. Press down 
on the injector rack coupling causing the coupling to 
rotate. 


NOTE: This coupling is on the end of the 
injector rack and fits around the ball end of the 
rack control lever. 


The setting is sufficiently tight if the coupling returns 
to its original position. If the coupling does not return 
to its original position. it is too loose. To correct. back 
off the outer adjusting screw slightly and ughten the 
inner adjusting screw. 


The coupling is too üght if. when moving the speed 
control lever from the idle to the maximum speed 
position, the injector rack coupling becomes ught 
before the speed control lever reaches the end of its 
travel (stop under the governor cover). This will result 


in a step-up in effort to move the speed control lever to 
its Maximum speed position and a deflection in the 
fuel rod (fuel rod deflection can be seen at the bend). 
If the coupling is found to be too tight. back off the 
inner adjusting screw slightly and tighten the outer 
adjusting screw. 


5. Manually hold the rear injector rack contro] lever in 
the full-fuel position. Turn down the inner adjusting 
screw on the injector rack control lever of the adjacent 
injector until the injector rack has moved into the full- 
fuel position and the inner adjusting screw is bottomed 
on the injector control tube. Turn the outer adjusting 
screw down until it bottoms lightly on the injector 
control tube. Then alternately tighten both the inner 
and outer adjusting screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
поп or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws is 24-36 in-Ibs. 


6. Recheck the rear injector rack to be sure that it has 
remained snug on the ball end of the injector rack 
control lever while adjusting the adjacent injector. If 
the rack of the rear injector has become loose. back off 
the inner adjusting screw slightly on the adjacent 
injector rack contro] lever. Tighten the outer adjusting 
screw. When the settings are correct. the racks of both 
injectors must be snug on the ball end of their 
respective rack control levers. 


7. Position the remaining rack control levers as 
outlined in Steps 5 and 6. 


Adiust Maximum No-Load Engine Speed 


All governors are properly adjusted before leaving the 
factory. However. if the governor has been recondi- 
uoned or replaced. and to ensure the engine speed will 
not exceed the recommended no-load speed as given 
on the engine name plate. the maximum no-load speed 
тау be set as follows: 


TYPE A GOVERNOR SPRINGS (Fig. 4): 


1. Loosen the lock nut (Fig. 3) and back off the high 
Speed spring retainer approximately five turns. 


2. With the engine at operating temperature and no- 
load on the engine. place the speed control lever in the 
full-fuel position. Turn the high speed spring retainer 
IN until the engine is operating at the recommended 
no-load speed. 


The best method of determining the engine speed is 
with an accurate tachometer. 
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3. Hold the high speed spring retainer and tighten the 
lock nut. 


TYPE B GOVERNOR SPRINGS (Fig. 4): 
l. Start and warm-up the engine. 


2. Place the speed control lever in the full-fuel position 
and note the engine speed. 


3. Stop the engine and. if necessary. adjust the engine 
to the desired no-load speed as follows: 


a. Remove the high speed spring retainer. high speed 
spring and plunger. 


CAUTION: Be careful not to jar the assembly 
while it is being removed to prevent the low 
speed spring and cap from dropping into the 
governor. 


b. Remove the high speed spring from the high 
speed spring plunger and add or remove shims 
(Fig. 4) as required to establish the desired 
engine no-load speed. 


NOTE: For each 010" shim added. the engine 
speed will be increased approximately 10 rpm. 


c. Install the high speed spring on the high speed 
spring plunger and assemble the spring assembly 
into the governor housing. Install the spring 
retainer in the governor housing and tighten it 
securelv. 


d. Start the engine and recheck the engine no-load 


SPEED 
CONTROL 


HIGH SPEED us 
ASPRING RETAINER >" 


VE 


Fig. 3 - Adjusting Maximum No-Load Engine 
Speed 
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Fig. 4 - Governor Spring Assemblies 


speed. Repeat the steps above as necessary to 
establish the no-load speed. 


Adjust Idle Speed 


With the maximum no-load speed properly adjusted. 
the idle speed may be adjusted as follows: 


l. With the engine running at normal operating 
temperature and with the buffer screw backed out to 
avoid contact with the differential lever, turn the idle 
speed adjusting screw (Fig. 5) until the engine idles at 
the recommended idle speed. 


The recommended idle speed is 500-600 rpm. but may 
vary with the particular engine application. 


2. Hold the idle speed adjusting screw and tighten the 
lock nut. 


3. Install the high speed spring cover and tighten the 
two bolts. 
Adjust Buffer Screw 


With the idle speed properly set. adjust the buffer 
screw as follows: 


і. With the engine running at normal operating 
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Fig. 5 - Adjusting Engine Idle Speed 


temperature, loosen the lock nut and turn the buffer 
screw in (Fig. 6) so that it contacts the differential 
lever as lightly as possible and still eliminates engine 
roll 


NOTE: Do not increase the engine idle speed 
more than 15 rpm with the buffer screw. 


2, Recheck the maximum no-load speed. If it has 





increased more than 25 rpm from the maximum speed 
attained in Step 1. back off the buffer screw unul the 
increase is less than 25 rpm. 


3. Hold the buffer screw and tighten the lock nut. 


If the engine is equipped with a supplementary 
governing device. refer to Section 14.14 and adjust it 
at this time. 


BUFFER 
а SCREW 


t 





Fig. 6 - Adjusting the Buffer Screw 
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LIMITING SPEED MECHANICAL GOVERNOR AND INJECTOR RACK 


CONTROL ADJUSTMENT (V-TYPE ENGINE) 


6V-53 


The limiting speed mechanical governor is mounted at 
the rear of the engine, between the flywheel housing 
and the blower (Fig. 1). The governor is driven by the 
right blower rotor drive gear. The left blower rotor 
drive gear is driven by a shaft, that passes through the 
governor housing, from the engine gear train. There 
are two types of limiting speed governor assemblies. 
The difference in the two governors is in the spring 
mechanism (Fig. 5). One has a long spring mecha- 
nism. the other has a short spring mechanism for 
certain vehicle engine applications. 


After adjusting the exhaust valves and timing the fuel 
injectors, adjust the governor and position the injector 
rack control levers. 


NOTE: Before proceeding with the governor 
and injector rack adjustments, disconnect any 
supplementary governing device. After the 
adjustments are completed, re-connect and 
adjust the supplementary governing device as 
outlined in Section 14.14. 


Adjust Governor Gap 


With the engine stopped and at operating tempera- 
ture, adjust the governor gap as follows: 


CONTROL 
LEVER 


a GOVERNOR, 
SPRING Ё 
C HOUSING 


ENGINE Y 


FLYWHEEL 
CN 


Fig. 1 - Limiting Speed Governor Mounting 








ENGINE 


DIFFERENTIAL 
LEVER PIN 


LOW SPEED 


HIGH SPEED v 
M SPRING САР iy 


PLUNGER 


„{ GOVERNOR ^ FEELER ' GAP ADJUSTING 
GAGE 


Fig. 2 - Checking Governor Gap 


1. Remove the high speed spring retainer cover. 


2. Back out the buffer screw until it extends 9/16 ” t 
5/8 ” from the surface of the governor housing. 


CAUTION: Do not back the buffer screw out 
beyond the limits given, or the control link 
lever may disengage the differential lever. 


3. Start the engine and loosen the idle speed adjusting 
screw lock nut. Then adjust the idle screw (Fig. 6) to 
obtain the desired engine idle speed. 


4. Stop the engine and remove the governor cover and 
the valve rocker covers. Discard the gaskets. 


5. Start and run the engine. between 800 and 1000 
rpm, by manual operation of the differenual lever. 


CAUTION: Do not overspeed the engine. 


6. Check the gap between the low speed spring cap 
and the high speed spring plunger with a 0015” 
feeler gage. If the gap setting is incorrect, reset the 
gap adjusting screw (Fig. 2). If the setting is correct, 
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Fig. 3 - Positioning No. 3L Injector Rack 
Control Lever 


the 20015 " movement can be seen by placing a few 
drops of oil into the governor gap and pressing а 
screw driver against. the gap adjusting screw. 
Movement of the cap toward the plunger will force the 
oll from the gap in the form of a small bead. 


7. Hold the gap adjusting serew and tighten the lock 
nut. 


8. Recheck the gap and readjust if necessary. 


9. Stop the engine and reinstall the governor cover. 


Position Injector Rack Control Levers 


Properly positioned injector rack control levers with 
the engine at full load will result in the following: 


lL. Speed control lever at the maximum speed position. 


2 


2. Governor low speed гар closed. 


3. High speed spring plunger on the seat in the 
governor control housing. 


4. Injector fuel control racks in the full-fuel position. 


The letters R or L indicate the injector locauon in the 
right or left cylinder bank. viewed from the rear of the 
engine. Cylinders are numbered starting at the front 
of the engine on each cylinder bank. Adjust the 
No. 3L injector rack control lever first to establish a 
guide for adjusting the remaining injector rack contro} 
levers. 
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1. Disconnect the linkage attached to the speed control 
lever. 


2. Turn the idle speed adjusting screw so that about 


1/2 ” of the screw projects from the lock nut. 


CAUTION: A false full fuel rack setting may 
result if the idle speed adjusting screw is not 
backed out as noted above. 


NOTE: This adjustment lowers the tension of 
the low speed spring so it can be compressed, 
while closing the low speed рар, without 
bending the fuel rods. 


3. Back out the buffer screw approximately 3/4 ” if it 
has not already been done. 


4. Remove the clevis pin from the fuel rod and the 
right cylinder bank injector control tube lever. 


5. Loosen all of the inner and outer injector rack 
control lever adjusting screws on both injector control 
tubes. Be sure all of the injector rack control levers are 


free on the injector control tubes. 


6. Move the speed control lever to the maximum speed 
position; hold it in that position with light finger 
pressure. Turn the inner adjusting screw on the 
No. 3L injector rack control lever down as shown in 
Fig. 3 until a slight movement of the control tube 
lever is observed or a step-up in effort to turn the 
screw driver is noted. This will place the No. 3L 
injector in the full-fuel position. Turn down the outer 
adjusting screw until it bottoms lightly on the injector 
control tube. Then alternately tighten both the inner 
and outer adjusung screws. This should result in 
placing the governor linkage and control tube asembly 
in the same positions that they will attain. while the 
engine 1s running at full load. 


NOTE: Overüghtening of the injector rack 
control lever adjusting screws during installa- 
tion or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws 15 24-36 in-Ibs. 


7. To be sure of the proper rack adjustment, hold the 
speed control lever in the maximum speed position 
and press down on the injector rack with a screw 
driver or finger tip, causing the rack to rotate. 


The setting is sufficiently üght if the rack returns to its 
original position. If the rack does not return to its 
original position, it is too loose. To correct this 
condition. back off the outer adjusting screw slightly 
and tighten the inner adjusting screw. 


The setting is too tight if. when moving the speed 
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control lever from the idle speed to the maximum 
speed position the injector rack becomes tight before 
the speed control lever reaches the end of its travel 
(stop under the governor cover). This will result in a 
step-up in effort required to move the speed control 
lever to its maximum speed position and a deflection 
in the fuel rod (fuel rod deflection can be seen at the 
bend). If the rack is too tight. back off the inner 
adjusting screw slightly and tighten the outer adjusting 
screw. 


8. Remove the clevis pin from the fuel rod and the left 
bank injector control tube lever. 


9. Insert the clevis pin in the fuel rod and the right 
cylinder bank injector control tube lever and position 
the No. 3R injector rack control lever as previously 
outlined in Step 6 for the No. 3L injector rack control 
lever. 


10. Insert the clevis pin in the fuel rod and the left 
cylinder bank injector control tube lever. Repeat the 
check on the 3L and 3R injector rack control levers as 
outlined in Step 7. Check for and eliminate any 
deflection which may occur at the bend in the fuel rod 
where it enters the cvlinder head. 


11. Manually hold the No. 3L injector rack in the full- 
fuel position, with the lever on the injector control 
tube, and turn the inner adjusting screw of the No. 2L 
injector rack control lever down until the injector rack 
has moved into the full-fuel position. Turn the outer 
adjusting screw down until it bottoms lightly on the 
injector control tube. Then alternately tighten both the 
inner and outer adjusung screws. 


12. Recheck the No. 3L injector rack to be sure it has 
remained snug on the ball end of the rack control 
lever while positioning the No. 2L injector rack. If the 
rack of the No. 3L injector has become loose, back off 
the inner adjusting screw slightly оп the No. 2L 
injector rack control lever and tighten the outer 
adjusting screw. When the settings are correct, the 
racks of both injectors must be snug on the ball end of 
their respective rack control levers. 


13. Position the No. IL injector rack control lever as 
outlined in Steps 11 and 12. 


14. Position the No. 2R and IR injector racks as 
outlined above for the left cylinder bank. 


15. Turn the idle speed adjusting screw in until it 
projects 3/16 ” from the lock nut to permit starting of 
the engine. 


16. Use new gaskets and replace the valve rocker 
COVers. 


Adjust Maximum No-Load Engine Speed 


АП governors are properly adjusted before leaving the 
factory. However. if the governor has been recondi- 
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Fig. 4 - Adjusting Maximum No-Load Engine 
Speed 


tioned or replaced. and to ensure the engine speed will 
not exceed the recommended no-load speed as given 
on the engine name plate, set the maximum no-load 
speed as follows: 


TYPE A GOVERNOR SPRINGS (Fig. 5): 


l. Loosen the lock nut with a spanner wrench and back 
off the high speed spring retainer several turns. Then 
start the engine and increase the speed slowly. If the 
speed exceeds the required no-load speed before the 
speed control lever reaches the end of its travel, back 
off the spring retainer a few additional turns. 


2. With the engine at operating temperature and no- 
load on the engine. place the speed control lever in the 
maximum speed position. Turn the high speed spring 
retainer in (Fig. 4) until the engine 15 operating at the 
recommended no-load speed. Use an accurate hand 
tachometer to determine the engine speed. The 
maximum no-load speed varies with the full load 
operating speed desired as shown in the following 
table. 


Engine Speed Droop 

















[ Full Load Maximum Governor 
RPM Droop-RPM 
0-1200 200 | 
1201-1400 175 
1401-1600 150 
1601-1800 160 
1801-2000 170 
2001-2200 180 
2201-2400 190 
2401-2600 200 
|. 2601-2800 210 | 
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J 5895 and withdraw the high speed spring and 

plunger assembly. 

GOVERNOR BUFFER LOCK 

HOUSING SCREW mur CAUTION: To prevent the low speed spring and 

GASKET Т cap from dropping into the governor. be careful 

rock I3. Ф not to jar the assembly while it is being 
removed. 


SPRING 
HOUSING 








b. Remove the high speed spring from the high 
speed spring plunger and add or remove shims as 
required to establish the desired engine no-load 


ADJUSTING speed. 
SCREW 
SPRING SPRING N LOW SPEED 


RETAINER PLUNGER SPRING NOTE: For each 010 " in shims added, the 


IDLE SPEED HIGH SPEED SPRING SPRING engine speed will be increased approximately 
ADJUSTING SCREW SPRING SEAT CAP 10 rpm. 


TYPE A 


c. Install the high speed spring on the plunger and 








GOVERNOR BUFFER install the spring assembly in the governor 
HOUSING SCREW housing. Tighten the spring retainer securely. The 
GASKET - : maximum no-load speed varies with the. full-load 
) р" operating speed desired as shown in the following 

table. 


SPRING 
Engine Speed Droop 








GAP Full Load Maximum Governor 
ADJUSTING RPM Droop RPM 
SPRING SPRING Low sPEED'N, SCREW | (d * 
RETAINER PLUNGER SPRING 2401-2600 | 150 


| 2601-2800 


IDLE SPEED HIGH SPEED SPRING SPRING 
ADJUSTING SCREW SPRING SEAT CAP 


TYPE B 


140 











EXAMPLE: If the full-load speed is to be 2800 
rpm, then the no-load speed setting should be 
2940 rpm to ensure the governor will move the 
injector racks into the full-fuel position at the 
EXAMPLE: If the full load speed is to be 2600 desired full-load speed. 

rpm. then the no-load speed setting should be 
2800 rpm to ensure the governor will move the 
injector racks into the full-fuel position at the 
desired full-load speed. 


Fig. 5 - Governor Spring Assemblies 


D = | ; { GA xe Л с : IDLE SPEED 
3. Hold the spring retainer and ughten the lock nut. \ уча : ADJUSTING 


SCREW 


TYPE B GOVERNOR SPRINGS (Fig. 5): 


l. Start the engine and. after it reaches normal 
operating temperature, remove the load from the 
engine. 


‘IDLE SPEED 
р | г ADJUSTING 
2. Place the speed control lever in the maximum speed SCREW LOCK MUT NN 
posiuon and note the engine speed. e 





3. Stop the engine and. if necessary. adjust the no-load 
speed as foliuws: : 
Fig. 6 - Adjusting Engine Idle Speed 


a. Remove the high speed spring retainer with tool 
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d. Start the engine and recheck the no-load speed. 
Repeat the procedure as necessary to establish the 
no-load speed required. 


Adiust Idle Speed 


With the maximum no-load speed properly set, adjust 
the idle speed as follows: 


l. With the engine running at normal operating 
temperature and with the buffer screw backed out to 
avoid contact with the differential lever. turn the idle 
speed adjusting screw (Fig. 6) unul the engine idles at 
the recommended idle speed. The recommended idle 
speed is 500-600 rpm. but may vary with the engine 
application. 

If the engine has a tendency to stall during 
decelerauon, install a new buffer screw. The current 
buffer screw uses a heavier spring and restricts the 
travel of the differential lever to the off (no-fuel) 
position. 


2. Hold the idle screw and tighten the lock nut. 


3. Install the high speed spring retainer cover. 


Adjust Buffer Screw 


With the idle speed properly set. adjust the buffer 


screw as follows: 


8V-53 


The limiting speed mechanical governor assembly is 
mounted on the front end of the blower (Fig. 8). The 
governor weight carrier shaft is attached to and driven 
by the left-hand helix rotor. 


After adjusting the exhaust valves and timing the fuel 
injectors, adjust the governor and position the injector 
rack control levers. 


NOTE: Before proceeding with the governor 
and injector rack adjustments. disconnect any 
supplementary governing device. After ihe 
adjustments are completed, re-connect and 
adjust the supplementary governing device as 
outlined in Section 14.14. 


Adjust Governor Gap 


With the engine at operating temperature. set the 
governor gap as follows: 


l. With the engine stopped, remove the two bolts and 








ü 
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Fig. 7 - Adjusting Buffer Screw 


l. With the engine running at normal operating 
temperature. turn the buffer screw in (Fig. 7) so it 
contacts the differential lever as lightly as possible and 
sull eliminates the engine roll. 


NOTE: Do not increase the engine idle speed 
more than 15 rpm with the buffer screw. 


2. Recheck the maximum no-load speed. If it has 
increased more than 25 rpm. back off the buffer screw 


until the increase is less than 25 rpm. 


3. Hold the buffer screw and ughten the lock nut. 
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Fig. 8 - Limiting Speed Governor Mounting 
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Fig. 9 - Checking Governor Gap 


DIFFERENTIAL - 
LEVER E: 


withdraw the governor high speed spring retainer 
cover. 


2. Back out the buffer screw until it extends 9/16 ” to 
5/8 " from the surface of the governor housing. 


CAUTION: Do not back the buffer screw out 
beyond the limits given. or the control link 
lever may disengage the differential lever. 


3. Start the engine and loosen the idle speed adjusting 
screw or lock nut. if used. Then adjust the idle screw 


(Fig. 13) to obtain the desired idle speed. 


4. Run the engine unul the proper operating 
temperature 1s reached, then stop the engine and 
remove the governor cover and the engine valve rocker 
covers. Discard the gaskets. 


5. Start and run the engine. between 800 and 1000 
rpm. by manual operation of the differential lever. 


CAUTION: Do not overspeed the engine. 


6. Check the gap between the low speed spring cap 
and the high speed spring plunger with a .0015 " 
feeler gage. If the gap setting is incorrect, reset the 
gap adjusung screw (Fig. 9). 


If the setting ts correct, the .0015 " movement сап be 
seen bv placing a few drops of oil into the governor 
gap adjusung screw. Movement of the cap toward the 
plunger will force the oil from the gap in the form of 
a small bead. 





7. Hold the gap adjusting screw and tighten the lock 
nut. 


NOTE: Governors which include a starting aid 
screw threaded into the end of the gap 
adjusting screw do not require a lock nut as 
both screws incorporate a nylon patch in lieu of 
a lock nut. 


8. Recheck the gap and readjust if necessary. 
9. Stop the engine. Reinstall the governor cover. 


10. If a starting aid screw is used, adjust it after the 
injector rack control levers are positioned. 


Position Injector Rack Control Levers 


Properly positioned injector rack control levers with 
the engine at full-load will result in the following: 


1. Speed control lever at the maximum speed position. 
2. Governor low speed gap closed. 


3. High speed spring plunger on the seat in the 
governor control housing. 


4. Injector fuel control racks in the full-fuel position. 


The letters R or L indicate the injector location in the 
right or left cylinder bank, viewed from the rear of the 
engine. Cylinders are numbered starting at the front 
of the engine on each cylinder bank. Adjust the 
No. 11. injector rack control lever first to establish a 
guide for adjusting the remaining injector rack control 
levers. 


1. Disconnect the linkage attached to the speed control 
lever. 


2. Turn the idle speed adjusting screw until about 
1/2 " of the screw projects from the lock nut. 


CAUTION: A false full fuel rack setting may 
result if the idle speed adjusting screw is not 
backed out as noted above. 


NOTE: This adjustment lowers the tension of 
the low speed spring so it can be compressed. 
while closing the low speed gap. without 
bending the fuel rods. 


3. If not already done. back out the buffer screw as 
outlined in Step 2 under Adjust Governor Gap. 


4. Remove the clevis pin from the fuel rod and the 
right cylinder bank injector control tube lever. 


5. Loosen all of the inner and outer injector rack 





Page 6 


DETROIT DIESEL 53 


Limiting Speed Governor 14.3.2 





control lever adjusting screws on both injector control 
tubes. Be sure all of the injector rack control levers are 
free on the injector control tubes. 


6. Move the speed control lever to the maximum speed 
position: hold it in that position with light finger 
pressure. Turn the inner adjusting screw of the No. IL 
injector rack control lever down (Fig. 10) until a slight 
movement of the control tube lever is observed or a 
step-up in effort to turn the screw driver is noted. This 
will place the No. IL injector in the full-fuel position. 
Turn down the outer adjusting screw until it bottoms 
lightly on the injector control tube. Then alternately 
tighten both the inner and outer adjusting screws. This 
should result in placing the governor linkage and the 
control tube assembly in the same posiuons they will 
attain. while the engine is running at full-load as 
previously described. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
поп or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws is 24-36 in-lb. 


7. To be sure the control lever is properly adjusted. 
hold the speed control lever in the maximum speed 
position and press down on the injector rack with a 
screw driver or finger tip, causing the rack to rotate. 


[he setting is sufficiently tight if the rack returns to its 
original position. If the rack does not return to its 
original position, it is too loose. To correct this 


INNER yy 


ADJUSTING & 


ADJUSTING 


Fig. 10 - Positioning No. 1L Injector Rack 
Control Lever 





condition. back off the outer adjusting screw slightly 
and ughten the inner adjusting screw. 


The setting is too tight if. when moving the speed 
control lever from the idle speed to the maximum 
speed position, the injector rack becomes tight before 
the speed control lever reaches the end of its travel 
(stop under the governor cover). This will result in a 
step-up in effort to move the speed control lever to its 
maximum speed position and a deflection in the fuel 
rod (fuel rod deflection can be seen at the bend). If the 
rack is too tight, back off the inner adjusting screw 
slightly and tighten the outer adjusting screw. 


8. Remove the clevis pin from the fuel rod and the left 
bank injector control tube lever. 


9. Insert the clevis pin in the fuel rod and the right 
cylinder bank injector control tube lever and position 
the No. IR injector rack control lever as previously 
outlined in Step 6 for the No. IL injector rack control 
lever. 


10. Insert the clevis pin in the fuel rod and the left 
cylinder bank injector contro] tube lever. Repeat the 
check on the 1L and IR injector rack control levers as 
outlined in Step 7. Carefully observe and eliminate 
any deflection which occurs at the bend in the fuel rod 
where it enters the cylinder head. 


11. Manually hold the No. IL injector rack in the full- 
fuel position and turn down the inner adjusting screw 
of the No. 2L injector rack control lever until the 
injector rack of the No. 2L injector has moved into 
the full-fuel position. Turn the outer adjusting screw 
down until it bottoms lightly on the injector control 
tube. Then alternately ughten both the inner and outer 
adjusting screws. 


12. Recheck the No. IL injector rack to be sure it has 
remained snug on the ball end of the rack control 
lever while positioning the No. 2L injector rack. If the 
rack of the No. IL injector has become loose. back off 
the inner adjusting screw slightly on the No. 2L 
injector rack control lever. Tighten the outer adjusting 
screw. When the settings are correct. the racks of both 
injectors must be snug on the ball end of their 
respective rack control levers. 


13. Position the No. 3L and 4L injector rack control 
levers as outlined in Steps 11 and 12. 


14. Position the No. 2R. 3R and 4R injector racks as 
outlined above for the left cylinder bank. 


15. Turn the idle speed adjusting screw in untl it 
projects 3/16 "' from the lock nut to permit starting of 
the engine. 


16. Use new gaskets and replace the valve rocker 
covers. 
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Fig. 11 - Adjust Starting Aid Screw 


Adjust Starting Aid Screw 


The staring aid screw (Fig. 11) is threaded into the 
governor gap adjusting screw. This screw is adjusted to 
position the injector racks at less than full fuel when 
the governor speed control lever is in the idle position. 


Phe reduced fuel makes starting easier and reduces the 
amount of smoke on start-up. 


CAUTION: The effectiveness of the starting aid 
screw will be eliminated if the speed control 
lever is advanced to wide open throttle during 
starting. 


After the normal governor running gap of .0015 ” has 
been set and the injector racks positioned. adjust the 
starting aid screw as follows: 


і. With the engine stopped. place the governor stop 
lever in the run position and move the speed control 
lever to the idle position. 


2. Hold the gap adjusting screw, to keep it from turning, 
and adjust the starting aid screw to obtain .330" to .360" 
clearance between the shoulder on the No. 1L injector 
rack clevis and the injector body. with the head of the 
starting aid screw against the governor wall. 





NOTE: With the engine stopped, this adjustment 
will provide a gap of .155 "" to .160 ” between 
the high speed spring plunger and the low 
speed spring cap (Fig. 11). 


3. Move the stop lever to the srop position, with the 
speed control lever still in the е position, and return 
it to the run position. 


4. Re-check the injector rack clevis-to-body clearance. 
Movement of the governor stop lever is to take-up 
clearances in the governor linkage. The clevis-to-body 
clearance can be increased by backing out the starting 
aid screw or reduced by turning it farther into the gap 
adjusting screw. 


5. Start the engine and re-check the running gap 
(.0015 7”) and. if necessary. reset it. Then stop the 
engine. 


Adjust Maximum No-Lload Engine Speed 


All governors are properly adjusted before leaving the 
factory. However. if the governor has been recondi- 
uoned or replaced. and to ensure the engine speed will 
not exceed the recommended no-load speed as given 
on the engine name plate. set the maximum no-load 
speed as outlined below. 


l. Loosen the lock nut with a spanner wrench and back 
off the high speed spring retainer several turns. Then 
start the engine and increase the speed slowly. Jf the 
speed exceeds the required no-load speed before the 
speed control lever reaches the end of its travel, back 
off the spring retainer a few additional turns. 


SPRING 
RETAINER , 


HIGH SPEED 
МС RETAINER 


Fig. 12 - Adjusting Maximum No-Load Engine 
Speed 
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Fig. 13 - Adjusting Engine Idle Speed 


2. With the engine at operating temperature and no- 
load on the engine, place the speed control lever in the 
maximum speed position. Turn the high speed spring 
retainer in (Fig. 12) until the engine is operating at 
the recommended no-load speed. Use an accurate 
hand tachometer to determine the engine speed. The 
recommended speed droop is 150 rpm for governors 
with a full-load speed range of 2500-2800 rpm. 


3. Hold the spring retainer and tighten the lock nut. 


Adiust Idle Speed 


With the maximum no-load speed properly set, adjust 
the idle speed as follows: 


|. With the engine running at normal operating 
temperature and with the buffer screw backed out to 
avoid contact with the differential lever. turn the idle 
speed adjusting screw (Fig. 13) until the engine idles 
at the recommended idle speed. The recommended 
idle speed is 400-600 rpm. but may vary with the 
engine application. 


2. Hold the idle screw and tighten the lock nut. 





Y 
SPEED CONTROL 
LEVER 





Fig. 14 - Adjusting Buffer Screw 


3. Install the high speed spring retainer cover. 


Adiust Buffer Screw 


With the idle speed properly adjusted, adjust the 
buffer screw as follows: 


|l. With the engine running at normal operating 
temperature. turn the buffer screw in (Fig. 14) so it 
contacts the differential lever as lightly as possible and 
still eliminates engine roll. 


NOTE: Do not increase the engine idle speed 
more than 15 rpm with the buffer screw. 


2. Recheck the maximum no-load speed. If it has 
increased more than 25 rpm, back off the buffer screw 
until the increase is less than 25 rpm. 


3. Hold the buffer screw and tighten the lock nut to 
retain the adjustment. 


After the governor adjustments are completed, adjust 
any supplementary governing device that may be used 
as outlined in Section 14.14. 
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LIMITING SPEED MECHANICAL GOVERNOR ADJUSTMENT 


(Variable Low-Speed) 


IN-LINE AND 


The variable low-speed limiting speed mechanical 
governor used on In-Line and 6V-53 highway vehicle 
engines is of the double-weight type. It is used where 
the same engine powers both the vehicle and the 
auxiliary equipment for unloading bulk products (such 
as cement, grain or liquids) and a 500 to 1200 rpm idle 
speed range is desired during auxiliary operation. 


During highway operation. the governor functions as a 
limiting speed governor. controlling the engine idling 
speed and limiting the maximum operating speed. At 
the unloading area. the throttle is left in the idle speed 
position and the remote control knob is turned to 
obtain the speed required to operate the auxiliary 
equipment. The governor then functions as a variable 
speed governor. maintaining a constant speed even 
when the load is constantly changing. during the 
unloading operation. 


Before resuming highway operation. the remote 
control knob must be turned all the way back. 


Governor identification is provided bv a name plate 
attached to the governor housing. The letters V.L.S.- 
L.S. stamped on the name plate denote a variable low- 
speed limiting speed governor. 


After adjusting the exhaust valves and timing the 
injectors. adjust the governor and position the injector 
rack control levers. 


Adjust Governor Gap 


With the engine at operating temperature. adjust the 
governor gap as follows: 


l. Stop the engine. remove the two bolts and withdraw 
the governor spring retainer cover. 


2. Back out the buffer screw until it extends 


approximately 5/8 ” from the lock nut. 


3. Make a preliminary idle speed (normal highwav 
idle speed) adjustment as follows: 


a. Back out the variable low-speed adjusting shaft 
until the shoulder on the shaft contacts the shaft 
retainer (Fig. 1). 


b. Start the engine. Then hold the lock nut and 
loosen the low-speed adjusting shaft retainer. 


6V-53 ENGINES 


с. Adjust the retainer and shaft assembly to obtain 
the desired idle speed (500 rpm minimum). 


NOTE: It may be necessary to use the buffer 
screw to eliminate engine roll. Back out the 
buffer screw. after the idle speed is established. 
to the previous setting (5/8 "). Then hold the 
retainer and tighten the lock nut to retain the 
adjustment. 


FLEXIBLE 
SHAFT 


MANUAL 
CONTROL 
ASSEMBLY 





ADJUSTING COUPLING 
ADJUSTING SHAFT 


-——SPRING HOUSING 


ADJUSTING SHAFT RETAINER 





ADJUSTING LOCK NUT 
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HIGH SPEED SPRING RETAINER 
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Fig. 1 - Governor Spring Housing and 
Components 
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Fig. 2 - Adjusting Governor Gap 


4. Stop the engine and remove the governor cover and 
lever assemblv. 


5. Start and run the engine between 900 and 1050 rpm 
by manual operauon of the differential lever as shown 
in Fig. 2. This gap setting range is required because 
of the lighter low-speed weights and heavier high- 
speed weights. 


CAUTION: Do not overspeed the engine. 


6. With the engine operating between 900 and 1050 
rpm. set the gap between the low-speed spring cap and 


{пе high-speed spring plunger (Fig. 2) at .0015 " by 


adjusting the gap adjusting screw in the operating 
Shaft lever. If the setting is correct. the .0015 ” 
movement can be seen by placing a drop of oil into 
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the governor gap and pressing a screw driver against 
the gap adjusting screw. Movement of the cap toward 
the plunger will force the oil from the gap in the form 
of a small bead. 


7. Hold the gap adjusting screw and ughten the lock 
nut. 


8. Re-install the governor cover and lever assembly. 


Position Injector Rack Control Levers 


Position the injector rack control levers as outlined in 
Section 14.3.1 or 14.3.2. 


Adjust Idle Speed 
Adjust the normal highway idle speed as follows: 


|. With the engine running at normal operating 
temperature and with the buffer screw backed out to 
avoid contact with the differential lever. hold the lock 
nut and loosen the variable low-speed adjusting shaft 
retainer. Adjust the retainer and shaft assembly to 
obtain a minimum of 500 rpm. 


NOTE: П may be necessary to use the buffer 
screw to eliminate engine roll. Back out the 
buffer screw. after the idle speed is established, 
to the previous setting (5/8 "'). 


Adjust Maximum No-Load Engine Speed 

Adjust the maximum no-load engine speed as outlined 
for the limiting speed mechanical governor in 
Section 14.3.1 or 14.3.2. 

Adjust Buffer Screw 


Adjust the buffer screw as outlined in Section 14.3.1 or 
14.3.2. 


DETROIT DIESEL 53 


14.3.4 


LIMITING SPEED MECHANICAL GOVERNOR 


(Fast Idle Cylinder) 


6V-53 VEHICLE ENGINE 


The limiting speed governor equipped with a fast idle 
air cylinder is used on vehicle engines where the 
engine. powers both the vehicle and = auxiliary 
equipment. 


1.00" TRAVEL 


SHUTDOWN 
AIR CYLINDER 


GOVERNOR 


The fast idle svstem consists of a fast idle air cylinder 


installed in place of the buffer screw and a throttle 
locking air cylinder mounted on a bracket fastened to 
the governor cover (Fig. 1). An engine shutdown air 


11/16" TRAVEL 


THROTTLE 
LOCKING 
AIR CYLINDER 


FAST IDLE 
AIR CYLINDER 





Fig. 1 - Governor with Fast Idle Cylinder 
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Fig. 2 - Fast Idle Air Cylinder 


cevlinder. if used. is also mounted on the governor 
COVCT. 


The fast idle air cylinder and the throttle locking air 
evlinder are actuated at the same time by air from a 
common air line. The engine shutdown air cylinder is 
connected to a separate air line. 


The air supply for the fast idle air cylinder is usually 
controlled by an air valve actuated by ап electric 
solenoid. The fast idle system should be installed so 
that it will function only when the parking brake 
system is їп operation to make it tamper-proof. 





The vehicle accelerator-to-governor throttle linkage 15 
connected to a yield. link so the operator cannot 
overcome the force of the air cylinder holding the 
Speed. control lever in the idle position while the 
engine is operaung at the single fixed high idle speed. 


Operation 


During highway operation. the governor functions as a 
limiting speed governor. 


lor operation of auxiliarv equipment. the vehicle is 
stopped and the parking brake set. Then. with the 
engine running. the low speed switch is placed in the 
ON position. When the fast idle air cylinder is 
actuated. the force of the dual idle spring (Fig. 2) 15 
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Fig. 3 - Throttle Locking Air Cylinder 


added to the force of the governor low speed spring. 
thus increasing the engine idle speed. 


The governor now functions as a constant speed 
governor at the high idle speed setting. maintaining a 
near constant engine speed regardless of the load 
within the capacity of the engine. The fast idle system 
provides a single fixed high idle speed that is not 
adjustable. except by disassembling the fast idle air 
cylinder and changing the dual idle spring. As with all 
mechanical governors. when load 15 apphed. the 
engine speed will be determined by the governor 
droop. 


Adjust Governor 


Adjust the governor as outlined in Section 14.3.2. 
However. before adjusting the governor gap. back out 
the de-energized fast idle air cylinder unul it will not 
interfere with the governor adjustments. After the 
normal idle speed setting is made. adjust the de- 
energized fast idle air cylinder in the same manner as 
outlined for adjustment of the buffer screw. 


The throttle locking air cylinder is adjusted on its 
mounting bracket so it will lock the throttle in the idle 
posiuon when it is activated. but will not limit the 
throttle movement when not activated. 
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VARIABLE SPEED MECHANICAL GOVERNOR AND 
INJECTOR RACK CONTROL ADJUSTMENT (PIERCE) 


IN-LINE INDUSTRIAL ENGINES 


After adjusting the exhaust valves and uming the fuel 
injectors, position the injector rack control levers and 
adjust the governor. 


Position Injector Rack Control Levers 


The injector rack settings govern the quantity of fuel 
injected into each cylinder. All of the injectors must be 
set to inject the same quantity of fuel into each 
cvlinder to ensure equal distribution of the load. 
Position the injector rack control levers as follows: 


l. Disconnect the linkage between the governor rocker 
shaft lever and the bell crank mounted on the flywheel 
housing. 


2. Loosen all of the inner and outer rack control lever 
adjusting screws (Fig. 1). Be sure all of the levers are 
free on the injector control tube. 


3. Lift upward on the bell crank. as shown in Fig. 1. to 
move the injector racks into the full-fuel position and 
turn the inner adjusting screw down until a 1/16" 
clearance exists between the fuel rod and the cylinder 
head or the cylinder head bolt. whichever it contacts. 


Turn the outer adjusting screw down until it bottoms 
on the control tube. then alternately tighten the inner 


INNER 
ADJUSTING ... 


Fig. 1 - Positioning Injector Rack Control 
Lever 








Fig. 2 - Adjusting the Fuel Rod 





and outer screws to retain the adjustment. 


4. Manually hold the rear injector control rack in the 
full-fuel position and turn the inner adjusting screw of 
the adacent injector rack control lever down until it 
has moved into the full-fuel position and the screw is 
bottomed on the injector control tube. Turn the outer 
adjusting screw down until it bottoms lightly on the 
injector control tube. Then alternately tighten both 
screws. 


NOTE: Overtightening of the injector rack 
control lever adjusung screws during installa- 
поп or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws 15 24-36 in-lb. 


5. Recheck the rear injector rack to be sure it has 
remained snug on the pin of the rack contro] lever 
while positioning the adjacent injector rack. If the rack 
of the rear injector has become loose. back off the 
inner adjusting screw slightly on the adjacent injector 
rack control lever and tighten the outer adjusting 
screw to retain the adjustment. When the settings are 
correct. the racks of both injectors will be snug on the 
ball end of each rack control lever. 


6. Position the remaining rack control levers as 
outlined in Steps 4 and 5. 


Adjust Governor Linkage 


l. Check the travel of the bell crank as shown in 
Fig. 2. The vertical arm of the bell crank should move 





July. 197] SEC. 14.4.1 Page 1 


14.4.1 


Variable Speed Mechanical Governor 


DETROIT DIESEL 53 








Fig. 3 - Adjusting the Throttle Rod Assembly 


an equal distance on either side of center when 
moving the fuel injector racks from the full-fuel to the 
no-fuel ngsitions. Position the bell crank by loosening 
the fuel rod lock nut and remove the ball joint from 
the bell crank. Turn the ball joint to adjust the length 
of the fuel rod to give the bell crank the correct travel. 
Reinstall the ball joint on the bell crank and tighten 
the lock nuts to retain the adjustment. 


2. Advance the governor rocker shaft lever to the 
maximum fuel position and retain it in this position 
by advancing the governor speed control lever to its 
maximum speed position (Fig. 5) or bv turning the 
idle speed adjusting screw down unul the rocker shaft 
lever is held at the end of its travel. 


NOTE: Back out the maximum speed adjusting 
screw only as far as necessarv to permit the idle 
speed adjusting screw to move the rocker shaft 
lever to the end of its travel. 


3. Hold the injector control racks in the full-fuel 
position, then adjust the length of the throttle rod 
assembly. by turning the ball and socket on the 
throttle rod. until it can be connected to the bell crank 
as shown in Fig. 3. without compressing the spring 
within the rod more than 1/32" , 





4. Check the injector racks to be sure the governor 
holds the racks in the full-fuel position. 


5. Back out the idle speed adjusting screw (Fig. 6). 


6. Place the speed control lever in the minimum speed 
position and move the injector racks to the no-fuel 
position. Then check for interference between the 
rocker shaft lever and the throttle rod. assembly: no 
interference should occur. 


NOTE: If the spring in the throttle rod assembly 
is compressed more than 1/32". interference 
may occur with the rocker shaft lever. 


7. Adjust the speed adjusting spring eye bolt until one- 
half of the threads extend through the speed control] 
lever. Secure the adjustment by ughtening the lock 
nuts on the eyebolt. 


8. Back out the buffer screw until it is within 1/16" to 
1/8" of the governor speed control shaft. 


Adjust Maximum No-Load Speed 


l. Start the engine and move the speed control lever to 
the full-speed position. 


NOTE: Do not overspeed the engine. 


2. Loosen the lock nut and adjust the maximum speed 
adjusting screw (Fig. 4) unul the desired no-load 
speed is obtained. 


3. Tighten the maximum speed adjusting screw lock 
nut to retain the adjustment. 


M MAXIMUM SPEED 
ADJUSTING SCRE 


Fig. 4 - Adjusting Maximum Speed 
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Adjust Engine Speed Droop 


With the engine operating at maximum speed. depress 
the linkage to the injector conuol tube to cause а 
speed decrease of several hundred rpm. Release the 
linkage and check for hunting when the governor 
returns the engine to the maximum speed setting. If 
the engine stabilizes in less than three surges. the 
droop may be excessive. If the engine does not 
stabilize in five surges. the droop may be insufficient, 
The speed droop may be set as follows: 


1. If the speed droop 1s excessive. increase the tension 
of the speed adjusting spring (Fig. 5). If the speed 
droop is insufficient. decrease the tension of the speed 
adjusting spring. 


NOTE: Make sure the eve of the eve bolt is in a 
vertical position to avoid twisting the spring. 


2. Reset the maximum = engine no-load speed if 


necessary. 


3. Check the speed droop. The engine speed should be 
stable when the governor speed droop is 7 1/2% to 
10% of the full-load speed. Thus. if the engine is 
operating at 2000 rpm full load. the speed droop 
should be 150 to 200 rpm. Therefore. the engine no- 
load speed would be set between 2150 to 2200 rpm. 


Adjust Engine Idle Speed 


l. Start the engine and adjust the idle speed adjusting 


B 
GOVERNOR SPEED 


CONTROL LEVER 





Fig. 5 - Adjusting Engine Droop 








IDLE SPEED 
4 ADJUSTING SCREW 





Fig. 6 - Adjusting Engine Idle Speed 
screw. as shown in Fig. 6. to obtain the desired idle 
speed. 
NOTE: The idle speed must be set in excess of 
575 rpm or engine operation at idle will be 
erratic. 


Adjust Buffer Screw 
1. Loosen the buffer screw lock nut and. with the 


engine operating at idle speed. turn the buffer screw in 
(Fig. 7) until engine roll is eliminated. 


BUFFER 
SCREW 


Fig. 7 - Adjusting Buffer Screw 
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Fig. 8 - Governor Booster Spring 


NOTE: Do not raise the engine speed more than 
20 rpm with the buffer screw. 


2. Tighten the lock nut to retain the adjustment. 


Adjust Governor Booster Spring 


The governor booster spring 1s used on some engines 





to reduce the force necessary to move the governor 
speed control lever from the idle speed position to the 
maximum speed position. Adjust the booster spring as 
follows: 


1. Reduce the tension on the booster spring (Fig. 8) to 
the minimum by backing off the outer nut. 


2. Adjust the eye bolt so an imaginary center line 
drawn through the booster spring will align with an 
imaginary outer line drawn through the speed 
adjusting shaft. Secure the lock nuts on the eye bolt to 
retain the adjustment. 


3. Move the governor speed control lever from the idle 
speed position to the maximum speed position, noting 
the force required. 


4. To reduce the force required to move the governor 
speed control lever, back off on the inner eye bolt nut 
and üghten the outer nut, increasing the booster 
spring tension. 


NOTE: Before tightening the eye bolt nuts, 
reposition the booster spring as in Step 2. 


The setting is correct when the governor speed control 
lever can be moved from the idle speed to the 
maximum speed position, while the engine is 
operating, with a fairly constant force and, when 
released, will return to the idle speed position. 
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VARIABLE SPEED MECHANICAL GOVERNOR (OPEN LINKAGE) AND 


INJECTOR RACK CONTROL ADJUSTMENT 


IN-LINE ENGINES 


After adjusting the exhaust valves and timing the fuel 
injectors. adjust the governor (Fig. 1) and the injector 
rack control levers. 


Preliminary Governor Adjustments 


|. Clean the governor linkage and lubricate the ball 
joints and bearing surfaces with clean engine оп. 


from the boss on the control housing. 


2. Back out the buffer screw until it projects 9/16” 
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Fig. 1 - 


Vartable Speed Open Linkage Governor 
Mounted on Engine 


3. Back out the booster spring eye bolt until it is flush 
with the outer lock nut. 


Adjust Variable Speed Spring Tension 


l. Adjust the variable speed spring eye bolt until 1/8 " 
of the threads project from the outer lock nut (Fig. 2). 


2. Tighten both lock nuts to retain the adjustment. 
NOTE: This setting of the eye bolt will produce 


approximately 7% droop in engine speed from 
no-load to full-load. 


Position Injector Rack Control Levers 


The position of the injector control racks must be 
correctly set in refation to the governor, Their position 
determines the amount of fuel injected into each 


VARIABLE 
SPEED 
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Fig. 2 - Adjusting Governor Spring Eye Bolt 
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cylinder and ensures equal distribution of the load. 
Adjust the rear injector rack control lever first to 
establish a guide for adjusting the remaining levers. 


1. Remove the valve rocker cover. 
2. Disconnect the fuel rod at the stop lever. 


3. Loosen all of the inner and outer injector rack 
control lever adjusting screws. Be sure all of the 
injector rack control levers are free on the injector 
control tube. 


4. Move the speed control lever to the maximum speed 
position. 


5. Adjust the rear cylinder injector rack control lever 
adjusting screws (Fig. 3) unul both screws are equal in 
height and tight on the injector control tube. 


6. Move the rear injector control rack into the full-fuel 
position and note the clearance between the fuel rod 
and the cylinder head bolt. The clearance should be 
1/32 ” or more. If necessary, readjust the injector rack 
adjusting screws until a clearance of at least 1/32 "' to 
1/16 ” exists. Tighten the adjustment screws. 


7. Loosen the nut which locks the ball joint on the fuel 
rod. Hold the fuel rod in the full-fuel position and 





Fig. 3 - Adjusting Injector Rack Control Lever 
Adjusting Screws 


adjust the ball joint until it is aligned and will slide on 
the ball stud on the stop lever (Fig. 4). Position the 
shutdown cable clip and пећеп the fuel rod lock nut 
to retain the adjustment. 


8. Check the adjustment by pushing the fuel rod 
toward the engine and make sure the injector control 
rack is in the full-fuel position. If necessary, readjust 
the fuel rod. 


9. Manually hold the rear injector rack in the full-fuel 
position, with the lever on the injector control tube, 
and turn the inner adjusting screw of the adjacent 
injector rack control lever down unul the injector rack 
moves into the full-fuel position. Turn the outer 
adjusting screw down unul it bottoms lightly on the 
injector control tube. Then alternately tighten both the 
inner and outer adjusting screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
tion or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws is 24-36 in-Ib. 


10. Recheck the rear injector rack to be sure that it has 
remained snug on the ball end of the rack control 
lever while adjusting the adjacent injector rack. If the 
rack of the rear injector has become loose, back off the 
inner adjusting screw slightly on the adjacent injector 
rack control lever and tighten the outer adjusting 
screw. When the settings are correct, the racks of both 
injectors must be snug on the ball end of their 
respective control levers. 


11. Position the remaining injector rack control levers 
as outlined in Steps 9 and 10. 


Adjust Engine Idle Speed 


1. Make sure the stop lever is in the run position and 
place the speed control lever in the idle position. 


2. With the engine operating, loosen the lock nut and 
turn the idle speed adjusting screw (Fig. 5) in or out 
untl the engine idles at the recommended speed. The 
recommended idle speed is 550 rpm. However, the idle 
speed may vary with special engine applications. 


3. Hold the idle speed adjusting screw and tighten the 
lock nut. 


Adjust Maximum No-Load Speed 


1. With the engine running, move the speed control 
lever to the maximum speed position. Use an accurate 
tachometer to determine the no-load speed of the 
engine. 
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NOTE: Do not overspeed the engine. 





6:78 


2. Loosen the lock nut and adjust the maximum speed Fig. 5 - Adjusting Idle Speed 

adjusting screw (Fig. 6) until the required no-load 

speed is obtained. Adjust Buffer Screw 

3. Hold the adjusting screw and tighten the lock nut. 1. With the engine running at idle speed. turn the 


buffer screw in (Fig. 7) so that it contacts the stop 
lever as lightly as possible and still eliminates engine 
roll. 


NOTE: Do not raise the engine idle speed more 


than 20 rpm with the buffer screw. Check the 
maximum no-load speed to make sure it has not 


m" MAXIMUM SPEED 
“ADJUSTING SCREW 





Fig. 6 - Adjusting Maximum No-Load Engine ae 
Speed Fig. 7 - Adjusting Buffer Screw 
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SPRING 


Fig. 8 - Adjusting Booster Spring 

increased. over 25 rpm by the buffer screw 

setting. 
Adjust Governor Booster Spring 
The governor booster spring is used on some engines 
t0 reduce the force necessary to move the speed 
control lever from the idle speed position to the 
maximum speed position. Adjust the booster spring as 


follows: 


1. Move the speed control lever to the idle speed 
position. 


2. Reduce the tension on the booster spring, if not 
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previously performed. to the minimum by backing off 
the outer lock nut (Fig. 8) until the end of the booster 
spring eye bolt is flush with the end of the nut. 


3. Adjust the eye bolt in the slot in the bracket so that 
an imaginary line through the booster spring will align 
with an imaginary center line through the speed 
control shaft. Secure the lock nuts on the eye bolt to 
retain the adjustment. 


4. Move the speed control lever to the maximum speed 
position and note the force required. To reduce the 
force, back off the inner lock nut and tighten the outer 
lock nut to increase the tension on the booster spring. 


NOTE: Before tightening the lock nuts, reposi- 
tion the booster spring as in Step 3. 


The setting is correct when the speed control lever can 
be moved from the idle speed position to the 
maximum speed position with a constant force. while 
the engine is running, and when released it will return 
to the idle speed position. 


Adjust Engine Speed Droop 


The adjustment of the spring tension as outlined under 
Adjust Variable Speed Spring Tension will result in 
approximately 7% droop from the maximum no-load 
speed to the full-load speed. This is the optimum 
droop setting for most applications. However, the 
droop may be changed as necessary for a particular 
engine application. 


1. Lower the speed droop by increasing the spring 
tension. 


2. Raise the speed droop by decreasing the spring 
tension. 


NOTE: A change in the variable speed spring 
tension will change the engine idle speed and 
maximum no-load speed, which must also be 
readjusted. 
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VARIABLE SPEED MECHANICAL GOVERNOR (ENCLOSED LINKAGE) 


AND INJECTOR RACK CONTROL ADJUSTMENT 


IN-LINE ENGINES 


After adjusting the exhaust valves and timing the fuel 
injectors, adjust the governor and position the injector 
rack control levers. 


NOTE: If the engine is equipped with a 
supplementary governing device, it must be 
disconnected before proceeding with the 
governor and injector rack adjustments (refer to 
Section 14.14). 


Adjust Governor Gap 
With the engine stopped and at operating tempera- 


ture, adjust the governor gap as follows: 


l. Disconnect any linkage attached to the governor 
levers. 


2. Remove the governor cover. 


3. Place the speed control lever in the maximum speed 
position. 
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Fig. 1 - Checking Governor Gap 





4. Insert а 006” feeler gage between the spring 
plunger and the plunger guide as shown in Fig. 1. If 
required. loosen the lock nut and turn the gap 
adjusung screw in or out until a slight drag is noted on 
the feeler gage. 


5. Hold the adjusting screw and tighten the lock nut. 
Check the gap and readjust 1f necessary. 


6. Install the governor cover as follows: 


a. Place the cover on the governor housing. with the 
pin in the throttle shaft assembly entering the slot 
in the differential lever. 


b. Install the four cover screws and lock washers 
finger tight. 


c. Pull the cover assembly in a direction away from 
the engine, to take up the slack. and tighten the 
cover screws. 


NOTE: This step is required since no dowels are 
used to locate the cover on the housing. 


1 OUTER 
ADJUSTING ADJUSTING 
SCREW 





Fig. 2 - Positioning the Rear Injector Rack 
Control Lever 
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Position Injector Rack Control Levers 


The position of the injector control racks must be 
correctly set in relation to the governor. Their position 
determines the amount of fuel injected into each 
cylinder and ensures equal distribution of the load. 
Adjust the rear injector rack control lever first to 
establish a guide for adjusting the remaining levers. 


1. Loosen the lock nut and back the buffer screw 
(Fig. 5) out approximately 5/8 ” 


2. Clgin and remove e the valve rocker cover. 


3. Loosen all of the inner and outer injector rack 
control lever adjusting screws (Fig. 2). Be sure all of 
the levers are free on the injector control tube. 


4. Move the speed control lever to the maximum speed 
position. 


5. Move the stop lever to the RUN position and hold it 
in that position with light finger pressure. Turn the 
inner adjusting screw of the rear injector rack control 
lever down until a slight movement of the control tube 
is observed or a step-up in effort to turn the screw 
driver is noted. This will place the rear injector rack in 
the full-fuel position. Turn the outer adjusting screw 
down until it bottoms lightly on the injector control 
tube. Then alternately tighten both the inner and outer 
adjusting screws. This should result in placing the 
governor linkage and control tube in the respective 
positions. that they will attain while the engine is 
running at full load. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
tion or adjustment can result in damage to the 
injector control tube. The recommended torque 
of ine adjusting screwgas 24-36 in-Ibs 






6. To bds sure the cont Bitever is properly adjusted, 
hold the stop lever in the RUN position and press 
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Fig. 3 - Location of Shims and Stops 





down on the injector rack with a screw driver or finger 
tip. causing the rack to rotate. The setting is 
sufficiently tight if the rack returns to its original 
position when the pressure is released. If the rack does 
not return to its original position, it is too loose. To 
correct this condition, back off the outer adjusting 
screw slightly and tighten the inner adjusting screw. 
The setting is too tight 1f, when moving the stop lever 
from the STOP to the RUN position, the injector rack 
becomes tight before the stop lever reaches the end of 
its travel. This will result in a step-up in effort required 
to move the stop lever to the RUN position and a 
deflection in the fuel rod (fuel rod deflection can be 
seen at the bend). If the rack is found to be too tight, 
back off the inner adjusting screw slightly and tighten 
the outer adjusting screw. 


7. Manually hold the rear injector rack in the full-fuel 
position with the lever on the injector control tube and 
turn the inner adjusting screw of the adjacent injector 
rack control lever down until the rack of the adjacent 
injector moves into the full-fuel position. Turn the 
outer adjusting screw down until it bottoms lightly on 
the injector control tube. Then alternately tighten both 
the inner and outer adjusting screws. 


8. Recheck the rear injector rack to be sure that it has 
remained snug on the ball end of the rack control 
lever while adjusting the adjacent injector rack. If the 
rack of the rear injector has become loose. back off the 
inner adjusting screw slightly on the adjacent injector 
rack control lever and tighten the outer adjusting 
screw. When the settings are correct, the racks of both 
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Fig. 4 - Adjusting idle Speed 
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injectors must be snug on the ball end of their 
respective control levers. 


9. Position the remaining injector rack control levers 
as outlined 1n Steps 6. 7 and 8. 


Adjust Maximum No-Load Speed 


The maximum no-load speed varies with the full load 
operating speed desired as shown in Table 1. 


Add droop to full-load speed to obtain the required 
no-load speed. 


Use an accurate tachometer to determine the 
maximum no-load speed of the engine. then make the 
following adjustments. if required. 


1. Refer to Fig. 6 and disconnect the booster spring 
and the stop lever retracting spring. 





























DROOP REQUIREMENTS 





DROOP RPM 


ENGINE FULL LOAD SPEED 


0-1400 
1401-1600 
1601-1800 
1801-2000 
2001 -2200 
2201-2400 
2401-2800 





TABLE 1 


Fig. 5 - Adjusting Buffer Screw 








Full Lood Speed STOPS 
RPM Solid Ring | Split Ring SMS 
2575-2800 0 0 As Required 
2101-2575 1 0 As Required 
1701-2100 1 1 As Required 
1200-1700 1 2 As Required 
TABLE 2 


2. Remove the two attaching bolts and withdraw the 
variable speed spring housing and the variable speed 
spring retainer located inside of the housing. 


3. Refer to Table 2 and determine the stops or shims 
required for the desired full-load speed. Do not use 
more than four thick and one thin shim. A split stop 
can only be used with a solid stop (Fig. 3). 


4. Install the variable speed spring housing. 


5. Connect the booster spring and stop lever spring 
and recheck the maximum no-load speed. 


6. If required. add shims to obtain the necessary 
operating speed. For each .001 "' in shims added, the 
operating speed will increase approximately 2 rpm. 


IMPORTANT: If the maximum no-load speed is 
raised or lowered more than 50 rpm by the 
installation or removal of shims. recheck the 
governor gap. If readjustment of the governor 
gap is required, the position of the injector 
racks must be rechecked. 


NOTE: Governor stops are used to limit the 
compression of the governor spring which 
determines the maximum speed of the engine. 


Adjust Idle Speed 


After the maximum no-load speed has been set. adjust 
the idle speed as follows: 


І. Place the stop lever in the RUN position and the 
speed control lever in the IDLE position. 


2. With the engine operating. loosen the lock nut and 
turn the idle speed adjusting screw (Fig. 4) in or out 
until the engine idles at the recommended speed. The 
recommended minimum idle speed is 550 rpm. 
However. the idle speed may vary with special engine 
applications. 
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3. Hold the idle speed adjusting screw and tighten the 
lock nut. 


Adjust Buffer Screw 


With the engine idle speed properly set. adjust the 
bufter screw as follows: 
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1. With the engine running at idle speed, loosen the 
lock nut and turn the buffer screw in (Fig. 5) so that it 
contacts the differential lever as lightly as possible and 
sull eliminates engine roll. 


NOTE: Do not increase the engine idle speed 
more than 15 rpm with the buffer screw. 


2. Hold the buffer screw and tighten the lock nut. 


Adjust Booster Spring 


With the engine idle speed set. adjust the booster 
spring as follows: 


1. Move the speed control lever to the idle speed 
position. 


2. Refer to Fig. 6 and loosen the booster spring 
retaining nut on the speed control lever. Loosen the 
lock nuts on the eye bolt at the opposite end of the 
spring. 


3. Move the spring retaining bolt in the slot of the 
speed control lever until the center of the bolt is on or 
slightly over center (toward the idle speed position) of 
an imaginary line through the bolt, lever shaft and eye 
bolt. Hold the bolt and tighten the lock nut. 


4. Start the engine and move the speed control lever to 
the maximum speed position and release it. The lever 
should return to the idle speed position. If it does not, 
reduce the booster spring tension. If it does. continue 
to increase the spring tension until the point is reached 
where it will not return to idle. Then reduce the spring 
tension unti] the lever does return to idle and tighten 
the Jock nuts on the eye bolt. This setting wil] result in 
the minimum force required to operate the speed 
control lever. 


If the engine is equipped with a supplementary 
governing device, refer to Section 14.14 and adjust it 
at this time. 
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VARIABLE SPEED MECHANICAL GOVERNOR AND 
INJECTOR RACK CONTROL ADJUSTMENT (PIERCE) 


IN-LINE TRACTOR ENGINE 


After timing the fuel injectors and adjusting the 
exhaust valves, position the injector rack control levers 
and adjust the governor. 


Position Injector Rack Control Levers 


The injector rack settings govern the quantity of fuel 
injected into each cylinder. АП of the injectors must be 
set to inject the same quantity of fuel into each 
cylinder to ensure equal distribution of the load. 
Position the injector rack control levers as follows: 


. Disconnect the linkage between the governor rocker 
i e lever and the bell crank mounted on the end 
plate. 


2. Loosen all of the inner and outer rack control lever 
adjusting screws (Fig. 1). Be sure all of the levers are 
free on the injector control tube. 


3. Lift upward on the bell crank to move the injector 
racks into the full-fuel position and turn the inner 
adjusting screw down until a 1/16" clearance exists 
between the fuel rod and the cylinder head or the 
cylinder head bolt, whichever it contacts. 


Turn the outer adjusting screw down until it bottoms 
on the control tube. then alternately tighten the inner 
and outer screws to retain the adjustment. 


OUTER 
ADJUSTING 


jBELL CRANK . 
E 


Fig. 1 - Positioning Injector Rack Control 
Levers 








Fig. 2 


Adjusting the throttle rod 


4. Manually hold the rear injector control rack in the 
full-fuel position and turn the inner adjusting screw of 
the adjacent injector rack control lever down until it 
has moved into the full-fuel position and the screw is 
bottomed on the injector control tube. Turn the outer 
adjusting screw down until it bottoms lightly on the 
injector control tube. Then alternately tighten both 
screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
tion or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws 15 24-36 in-lb. 


5. Recheck the rear injector rack to be sure it has 
remained snug on the pin of the rack control lever 
while positioning the adjacent injector rack. If the rack 
of the rear injector has become loose. back off the 
inner adjusting screw slightly on the adjacent injector 
rack control lever and ughten the outer adjusting 
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Fig. 3 - Adjusting Idle Speed 


screw to retain the adjustment. When the settings are 
correct. the racks at both injectors will be snug on the 
ball end of each rack control lever. 


Adjust Governor Linkage 


1. Advance the governor rocker shaft lever to the 
maximum fuel position. Hold the lever in this position. 
after backing out the buffer screw. by advancing the 
governor speed control lever to its maximum speed 
position. 


2. Hold the injector control racks in the full-fuel 
position: then adjust the length of the throttle rod. by 
turning the ball and socket on the rod. until it can be 
connected to the rocker shaft lever (Fig. 2). 


3. Check the injector racks to be sure the governor 
holds the racks in the full-fuel position. 


be 
IDLE SPEED 


ADJUSTING 
SCREW 


f HOLD IN 
~ IDLE SPEED 
POSITION * 


Fig. 4 - Adjusting Buffer Screw 
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Adjust Engine Idle Speed 
1. Back out the buffer screw. 


2. Start the engine and adjust the idle speed adjusting 
screw (Fig. 3) to obtain the desired idle speed. 


NOTE: The idle speed must be set in excess of 
575 rpm or engine operation at idle will be 
erratic. 

Adjust Buffer Screw 

1. Loosen the buffer screw lock nut and. with the 

engine operating at idle speed. turn the buffer screw 


(Fig. 4) in until engine roll is eliminated. 


NOTE: Do not raise the engine speed more than 
20 rpm with the buffer screw. 


2. Tighten the lock nut to retain the adjustment. 


Adjust Maximum No-Load Speed 


l. Move the speed control lever. with the engine 
running. to the full-speed position, 


NOTE: Do not overspeed engine. 


Un 


2. Adjust the maximum speed adjusting screw (Fig. 
until the desired no-load speed is obtained. 


3. Tighten the maximum speed adjusting screw lock 
nut to retain the adjustment. 


HOLD IN кй 


^ SPEED 
POSITION. 





Fig. 5 - Adjusting Maximum No-Load Speed 
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VARIABLE SPEED MECHANICAL GOVERNOR AND 
INJECTOR RACK CONTROL ADJUSTMENT 


6V ENGINE 


The variable speed mechanical governor assembly is 
mounted at the rear of the 6V engine. between the 
flywheel housing and the blower (Fig. 1). The 
governor is driven by the right-hand blower rotor 
drive gear. 


After adjusung the exhaust valves and timing the fuel 
injectors, adjust the governor and the injector rack 
control levers. 


Adjust Governor Gap 


With the engine stopped. adjust the governor gap as 
follows: 


l. Disconnect any linkage attached to the governor 
levers. 


2. Remove the governor cover. 


3. Place the speed control lever in the maximum speed 
position. 


4. Insert a .006" feeler gage between the spring 
plunger and the plunger guide as shown in Fig. 2. If 
required, loosen the lock nut and turn the adjusting 
screw in or out until a slight drag is noted on the 
feeler gage. 


E 


5. Hold the adjusting screw and tighten the lock nut. 
Check the gap and readjust if necessary. 
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Fig. 1 - Variable Speed Governor Mounting 
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Fig. 2 - Adjusting Governor Gap 


6. Install the governor cover. 


Position Injector Rack Control Levers 


The position of the injector control racks must be 
correctly set in relation to the governor. Their position 
determines the amount of fuel injected into each 
cylinder and ensures equal distribution of the load. 


The letters R or L indicate the injector location in the 
right or left cylinder bank as viewed from the rear of 
the engine. Cylinders are numbered starting at the 
front of the engine on each cylinder bank. Adjust the 
No. 3L injector rack control lever first to establish а 
guide for adjusung the remaining levers. 


i. Loosen the lock nut and back out the buffer screw 
approximately 3/4" . 


2. Remove the valve rocker covers. 


3. Remove the clevis pin from the fuel rod and the 
right cylinder bank injector control tube lever. 


4. Loosen all of the inner and outer injector rack 
control lever adjusting screws on both injector control 
tubes. Be sure all of the injector rack control levers are 
free on the injector control tubes. 
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Fig. 3 - Positioning No. 3L Injector Rack 
Control Lever 


5. Move the speed control lever to the maximum speed 
position. 


6. Move the stop lever to the RUN posiuon and hold it 
in that position with light finger pressure. Turn the 
inner adjusting screw of the No. 3L injector. rack 
control lever down (Fig. 3) until а slight movement of 
the control tube 15 observed. or a step-up in effort to 
turn the screw driver is noted. This will place the 
No. 3L injector rack in the full-fuel position. Turn the 
outer adjusting screw down until it bottoms lightly on 
the injector control tube. Then alternately ughten both 
the inner and outer adjusting screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
поп or adjustment can result in damage to the 
injector contro! tube. The recommended torque 
of the adjusting screws is 24-36 in-Ib. 


The above steps should result in placing the governor 
linkage and control tube in the respective positions 
that they will attain while the engine is running at full 
load. 


7. To be sure the control lever is properly adjusted. 
hold the stop lever in the RUN posiuon and press 
down on the injector rack with à screw driver or finger 
пр causing the rack to rotate. The setting is sufficiently 
tight if the rack returns to its original position. If the 
rack does not return to its original position. it is too 
loose. To correct this condition. back off the outer 
adjusung screw slightly and tighten the inner adjusting 
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screw. The setting is too tight if. when moving the stop 
lever from the STOP to the RUN роѕшоп. the injector 
rack becomes tight before the governor stop lever 
reaches the end of its travel. This will result in a step- 
up in effort required to move the stop lever to the 
RUN position and a deflection in the fuel rod (fuel 
rod deflection can be seen at the bend). If the rack is 
found to be too tight, back off the inner adjusting 
screw slightly and tighten the outer adjusting screw. 


8. Remove the clevis pin from the fuel rod and the left 
bank injector control tube lever. 


9. Insert the clevis pin in the fuel rod and the right 
cylinder bank injector control tube lever and position 
the No. 3R injector rack control lever as previously 
outlined in Step 6 for the No. 3L control lever. 


10. Insert the clevis pin in the fuel rod and the left 
bank injector control tube lever. Repeat the check on 
the 3L and 3R injector rack control levers as outlined 
in Step 7. Check for and eliminate any deflection 
which may occur at the bend in the fuel rod where it 
enters the cylinder head. 


L1. Manuallv hold the No. 3L injector rack in the full- 
fuel position, with the lever on the injector control 
tube. and turn the inner adjusting screw of the No. 2L 
injector rack control lever down until the injector rack 
of No. 2L injector has moved into the full-fuel 
position. Turn the outer adjusung screw down until it 
bottoms lightly on the injector control tube. Then 
alternately tighten both the inner and outer adjusting 
Screws. 


12. Recheck the No. 3L injector rack to be sure that it 
has remained snug on the ball end of the rack control 
lever while positioning the No. 2L injector rack. If the 
rack of the No. 3L injector has become loose, back otf 
the inner adjusting screw slightly on No. 2L injector 
rack control lever and ughten the outer adjusting 
screw. When the settings are correct. the racks of both 
injectors must be snug on the ball end of their 
respective control levers. 


13. Positon the IL injector rack control lever as 
outlined in Steps 11 and 12. 


14. Position the No. 2R and IR injector rack control 
levers as outlined above for the left cylinder bank in 
Steps 11 through 13. 


15. Install the valve rocker covers. 
Adjust Maximum No-Load Speed 


The maximum no-load speed varies with the full-load 
operating speed desired. 





DETROIT DIESEL 53 


Variable Speed Governor 14.4.5 





Use an accurate hand tachometer to determine the 
maximum no-load speed of the engine. then make the 


following adjustments. if required. 


l. Refer to Fig. 7 and disconnect the booster spring 
and the stop lever retracting spring. 


2. Remove the two attaching bolts and withdraw the 
variable speed spring housing and the variable speed 
spring retainer located inside of the housing. 


3. Refer to the following table and determine the stops 
or shims required for the desired full-load speed. A 
split stop can only be used with a solid stop (Fig. 4). 








Stops 
Full-Load Speed Shims* 
Solid | Split 
1200-2100 1 ] As Required 
2100-2500 1 0 As Required 
2500-2800 0 0 As Required 





*Maximum amount of shims .325" 


4. Install the variable speed spring housing and 
recheck the maximum no-load speed. 


5. If required. add shims to obtain the necessary 
operating speed. For each 001" in shims added. the 
operating speed will increase approximately 2 rpm. 


IMPORTANT: If the maximum no-load speed is 
raised or lowered more than 50 rpm Бу the 
installation. or removal of shims. recheck the 
governor gap. H readjustment of the governor 
gap Is required. the posiuon of the injector 
racks must be rechecked. 

NOTE: Governor stops are used to limit the 
compression of the governor spring. which 
determines the maximum speed of the engine. 


Adiust Idle Speed 


After the maximum no-load speed has been set. adjust 
the idle speed as follows: 
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Fig. 4 - Location of Shims and Stops 








Fig. 5 - Adjusting Idle Speed 


l. Place the stop lever in the RUN position and the 
speed control lever in the IDLE position. 


2. With the engine operating. loosen the lock nut and 
turn the idle speed adjusung screw (Fig. 5) in or out 
until the engine idles at the recommended idle speed. 
The recommended idle speed is 550 rpm. but may vary 
with special engine applications. 


3. Hold the idle speed adjusting screw and ughten the 
lock nut. 


Adjust Buffer Screw 


With the engine idle speed properly set. adjust the 
buffer screw as follows: 


l. With the engine running at idle speed. turn the 
buffer screw in (Fig. 6) so that it contacts the 


a4 


BUFFER SCREW 


= 


Fig. 6 - Adjusting Buffer Screw 
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Fig. 7 - Adjusting Booster Spring 


differential lever as lightly as possible and sull 
eliminates engine roll. 


NOTE: Do not raise the engine idle speed more 
than 15 rpm with the buffer screw. 


2. Hold the buffer screw and tighten the lock nut. 
Adjust Booster Spring 


With the idle speed set. adjust the booster spring as 
follows: 


1. Refer to Fig. 7 and loosen the booster spring 
retaining nut on the speed control lever. Loosen the 
lock nuts on the eye bolt at the other end of the spring. 


2. Move the spring retaining bolt in the slot of the 
speed control lever until the center of the bolt is on an 
imaginary line through the center of the bolt. lever 
shaft and eye bolt. Hold the bolt and tighten the lock 
nut. 


3. Start the engine and move the speed control lever to 
the maximum speed position and release it. The speed 
control lever should return to the idle position. If it 
does not. reduce the tension on the booster spring. If 
the lever does return to the idle position, continue to 
increase the spring tension until the point is reached 
that it will not return to idle. Then reduce the tension 
until it does return to idle and ughten the lock nut on 
the eye bolt. This setting will result in tag minimum 
force required to operate the speed control lever. 


4. Connect the linkage to the governor levers. 


8V ENGINE 


The variable speed mechanical governor assembly 
(Fig. 8) is mounted at the front end of the 8V engine. 
After adjusting the exhaust valves and timing the fuel 
injectors, adjust the governor and the injector rack 
control levers. 


Adjust Governor Gap 


With the engine stopped. adjust the governor gap as 
follows: 


1. Disconnect any linkage attached to the governor 
levers. 


2. Remove the governor cover. 
c 


3. Place the speed control lever in the maximum speed 
position. 


4. Insert a .006" feeler gage between the spring 
plunger and the plunger guide as shown in Fig. 9. If 
required. loosen the lock nut and turn the adjusting 
screw in or out unti] a slight drag is noted on the 
feeler gage. 


5. Hold the adjusting screw and tighten the lock nut. 
Check the gap and readjust, if necessary. 


6. Install the governor cover. 


Position Injector Rack Control Levers 


The position of the injector control racks must be 
correctly set in relation to the governor. Their position 
determines the amount of fuel injected into each 
cylinder and ensures equal distribution of the load. 


Ч{вОО5т 
.; SPRING 





Fig. 8 - Variable Speed Governor Mounting 
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The letters R or L indicate the injector location in the 
right or left cylinder bank as viewed from the rear of 
the engine. Cylinders are numbered starting at the 
front of the engine on each cylinder bank. Adjust the 
No. IL injector rack control lever first to establish a 
guide for adjusting the remaining levers. 


1. Loosen the lock nut and back out the buffer screw 
approximately 3/4" . 


2. Remove the valve rocker covers. 


3. Remove the clevis pin from the fuel rod and the 
right cylinder bank injector control tube lever. 


4. Loosen all of the inner and outer injector rack 
control lever adjusung screws on both injector control 
tubes. Be sure all of the injector rack control levers are 
free on the injector control tubes. 


5. Move the speed control lever to the maximum speed 
position. ` 


6. Move the stop lever to the RUN position and hold it 
in that position with light finger pressure. Turn the 
inner adjusting screw of the No. IL injector rack 
control lever down (Fig. 10) until a slight movement 
of the control tube is observed, or a step-up in effort to 
turn the screw driver is noted. This will place the 
No. IL injector rack in the full-fuel position. Turn the 
outer adjusting screw down until it bottoms lightly on 
the injector control tube. Then alternately tighten both 
the inner and outer adjusting screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
поп or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws 15 24-36 1п-1Ь. 


The above steps should result in placing the governor 
linkage and control tube in the respective positions 
that they will attain while the engine is running at full 
load. 


GAP 
ADJUSTING 


f FEELER 
777 GAGE 


Fig. 9 - Adjusting Governor Gap 
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INJECTOR 
CONTROL 


$ ADJUSTING 
CREW TUBE 


Fig. 10 - Positioning No. 1L Injector Rack 
Control Lever 


7. To be sure the control lever is properly adjusted. 
hold the stop lever in the RUN position апа press 
down on the injector rack with a screw driver or finger 
ир causing the rack to rotate. The setting is sufficiently 
tight if the rack returns to its original position. If the 
rack does not return to its original position. it is too 
loose. To correct this condition, back off the outer 
adjusting screw slightly and tighten the inner adjusung 
screw. The setting is too tight if, when moving the stop 
lever from the STOP to the RUN position, the injector 
rack becomes tight before the stop lever reaches the 
end of its travel. This will result in a step-up in effort 
required to move the stop lever to the RUN position 
and a deflection in the fuel rod (fuel rod deflection can 
be seen at the bend). If the rack is found to be too 
ught. back off the inner adjusting screw slightly and 
tighten the outer adjusting screw. 


8. Remove the clevis pin from the fuel rod and the left 
bank injector control tube lever. 


9. Insert the clevis pin in the fuel rod and the right 
cylinder bank injector control tube lever and position 
the No. IR injector rack control lever as previously 
outlined in Step 6 for the No. IL control lever. 


10. Insert the clevis pin in the fuel rod and the left 
bank injector control tube lever. Repeat the check on 
the 11. and ІК injector rack control levers as outlined 
in Step 7. Check for and eliminate any deflection 
which may occur at the bend in the fuel rod where it 
enters the cylinder head. 


11. Manuallv hold the No. 1L injector rack in the full- 
fuel position. with the lever on the injector control 
tube, and turn the inner adjusting screw of the No. 2L 
injector rack control lever down until the No. 2L 
injector rack moves into the full-fuel posiuon. Turn 
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Fig. 11 - Location of Shims and Stops 


the outer adjusting screw down until it bottoms lightly 
on the injector control tube. Then alternately tighten 
both the inner and outer adjusting screws. 


12. Recheck the No. IL injector rack to be sure that it 
has remained snug on the ball end of the rack control 
lever while positioning the No. 2L injector rack. If the 
rack of the No. IL injector has become loose. back otf 
the inner adjusting screw slightly оп the Мо. 2L 
injector rack control lever and tighten the outer 
adjusting. screw. When the settings are correct, the 
racks of both injectors must be snug on the ball end of 
their respective control levers. 


13. Position the No. 3L and No. 4L injector rack 
control levers as outlined in Steps 11 and 12. 


14. Position the No. 2R, 3R and 4R injector rack 


control levers as outlined for the left cylinder bank in 
Steps 11 through 13. 


15. Install the valve rocker covers. 


Adjust Maximum No-Load Speed 


The maximum no-load speed must not exceed 150 rpm 
above the full-load speed. 


Use an accurate hand tachometer to determine the 
maximum no-load speed of the engine. then make the 


following adjustments, if required. 


1. Refer to Fig. 14 and disconnect the booster spring 
and the stop lever retracting spring. 


2. Remove the two attaching bolts and withdraw the 


variable speed spring housing and the spring retainer 
located inside of the housing. 


3. Refer to the following table and determine the stops 
or shims required for the desired full-load speed. А 
split stop can only be used with a solid stop (Fig. 11). 















Stops 
Full-Load Speed DEP DE Shims* 
Solid | Split 
1200-2100 1 1 As Required 
2100-2500 ] 0 As Required 
2500-2800 0 0 As Required 





*Maximum amount of shims .325" 


4. Install the variable speed spring housing and 
recheck the maximum no-load speed. 


5. If required. add shims to obtain the necessary 
operating speed. For each .001" in shims added. the 
speed will increase approximately 2 rpm. 


IMPORTANT: If the maximum no-load speed is 
raised or lowered more than 50 rpm by the 
installation or removal of shims, recheck the 
governor gap. If readjustment of the governor 
gap is required. the position of the injector 
racks must be rechecked. 


NOTE: Governor stops are used to limit the 


compression of the governor spring. which 
determines the maximum speed of the engine. 


Adiust Idle Speed 


After the maximum no-load speed has been set. adjust 
the idle speed as follows: 


l. Place the stop lever in the RUN position and the 
speed control lever in the IDLE position. 


IDLE SPEED. 
ADJUSTING 
SCREW 





Fig. 12 - Adjusting Idle Speed 
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2. With the engine operating. loosen the lock nut and 
turn the idle speed adjusting screw (Fig. 12) in or out 
until the engine idles at 600 rpm. 


3. Hold the idle speed adjusting screw and tighten the 
lock nut. 


Adjust Buffer Screw 


With the engine idle speed properly set. adjust the 
buffer screw as follows: 


l. With the engine running at idle speed. turn the 
buffer screw in (Fig. 13) so that it contacts the 
differential lever as lightly as possible and still 
eliminates engine roll. 


NOTE: Do not raise the engine idle speed more 
than 15 rpm with the buffer screw. 


2. Hold the buffer screw and tighten the lock nut. 





Fig. 13 - Adjusting Buffer Screw 
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Fig. 14 - Adjusting Booster Spring 
Adjust Booster Spring 


With the engine idle speed set. adjust the booster 
spring as follows: 


l. Refer то Fig. 14 and loosen the booster spring 
retaining nut on the speed control lever. Loosen the 
lock nuts on the eye bolt at the other end of the spring. 


2. Move the spring retaining bolt in the slot of the 
speed control lever until the center of the bolt is on an 
imaginary line through the center of the bolt. lever 
shaft and eye bolt. Hold the bolt and tighten the lock 
nut. 


3. Start the engine and move the speed control lever to 
the maximum speed position and release it. The speed 
control lever should return to the idle position. If it 
does пої. reduce the tension on the booster spring. If 
the lever does return to the idle position. continue to 
increase the spring tension unul the lever does not 
return to idle. Then reduce the tension until it does 
return to idle and tighten the lock nut on the eye bolt. 
This setting will result in the minimum force required 
to operate the speed control lever. 


4. Connect the linkage to the governor levers. 
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CONSTANT SPEED MECHANICAL GOVERNOR AND 
INJECTOR RACK CONTROL ADJUSTMENT 


After adjusting the exhaust valves and timing the fuel 
injectors. adjust the governor and injector rack control 
levers. 


Adjust Governor Gap 


1. Stop the engine and disconnect any linkage attached 
to the speed control lever. 


2. Remove the governor cover and lever assembly. 


3. Remove the fuel rod from the differential lever and 
the injector control tube lever. 


4. Insert a 006" feeler gage between the spring 
plunger and the plunger guide as shown in Fig. 1. If 
required. loosen the lock nut and turn the gap 
adjusting screw in or out until a slight drag is noted on 
the feeler gage. 


5. Hold the adjusting screw and tighten the lock nut. 
Check the gap and readjust if necessary. 


6. Install the governor cover as follows: 


GAP 
ADJUSTING 
SCREW 


FEELER 
GAGE 





Fig. 1 - Adjusting Governor Gap 





INJECTOR 
CONTROL 
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Fig. 2 - Checking Rotating Movement of 
injector Control Rack 


a. Place the cover on the governor housing, with the 
pin in the throttle shaft assembly entering the slot 
in the differential lever. 


b. Install the four cover screws and lock washers 
finger tight. 


c. Pull the cover assembly in a direction away from 
the engine, to take up the slack, and tighten the 
cover screws. 


NOTE: This step is required since no dowels are 
used to locate the cover on the housing. 


Position Injector Rack Control Levers 


The position of the injector control racks must be 
correctly set in relation to the governor. Their position 
determines the amount of fuel injected into each 
cylinder and ensures equal distribution of the load. 


Adjust the No. | injector rack control lever first to 
establish a guide for adjusting the remaining injector 
rack control levers. 


1. Disconnect any linkage attached to the control lever. 
2. Remove the valve rocker cover. 

3. Loosen all of the inner апа ‘outer injector rack 
control lever adjusting screws. Be sure all of the 
control levers are free on the injector control tube. 

4. Move the control lever to the maximum speed 


position. Turn the inner adjusting screw down until a 
step-up in effort is noted. This will place the No. | 
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Fig. 3 - Checking Injector Control Rack 
“Spring” 


injector rack in the full-fuel position. Turn down the 
outer adjusting screw until it bottoms lightly on the 
injector control tube. Then alternately tighten both the 
inner and outer adjusting screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
поп or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws is 24-36 in-lb. 


5. To be sure the control lever is properly adjusted, 
hold the speed control lever in the maximum speed 
position and press down on the injector rack with a 
screw driver or finger tip and note the “rotating” 
movement of the injector control rack (Fig. 2). Hold 
the speed control lever in the maximum speed position 
and. using a screw driver. press downward on the 
injector control rack. The rack should tilt downward 
(Fig. 3) and when the pressure of the screw driver is 
released. the control rack should "spring" back 
upward. 


6. If no movement is observed. back off the inner 
adjusting screw approximately 1/8 of a turn and 
tighten the outer adjusting screw. If the movement 
exceeds that specified. back off the outer adjusting 
screw approximately 1/8 of a turn and tighten the 
inner adjusting screw. When the setting is correct. the 
injector rack will be snug on the pin of the rack 
control lever and still maintain the movement specified 
in Step 5. 


NOTE: Performing Steps 4. 5 and 6 will result in 
placing the governor linkage and control tube 


assembly in the same positions that they will 
attain while the engine is running at full load. 
These positions are: 


a. The governor speed control lever is at the 
maximum speed position. 


b. The governor gap is closed 


c. The governor spring plunger is on its seat in the 
governor control housing. 


d. The injector fuel control racks are in the 
maximum speed position. 


7. Remove the clevis pin between the fuel rod and the 
injector control tube lever. 


$. Manually hold the No. | injector in the maximum 
fuel position and turn down the inner adjusting screw 
of the No. 2 injector until the injector rack has moved 
into the maximum speed position and the inner 
adjusting screw is bottomed on the injector control 
tube. Turn the outer adjusting screw down until it 
bottoms lighty on the injector control tube. Then 
alternately tighten both the inner and outer adjusting 
screws. 


9. Recheck the No. 1 injector fuel rack to be sure that 
it has remained snug on the pin of the rack control 
lever while adjusting the No. 2 injector. If the rack of 
the No. l injector has become loose, back off slightly 
on the inner adjusting screw on the No. 2 injector rack 
control lever and tighten the outer adjusting screw. 
When the settings are correct, the racks of both 
injectors must be snug on the pins of their respective 
rack control levers. 


10. Position the remaining control rack levers as 
outlined in Steps 8 and 9. 


11. Insert the clevis pin between the fuel rod and the 
injector control tube leyer. 


12. Install the valve rocker cover. 


Adjust Maximum No-Load Speed 


All governors are properly adjusted before leaving the 
factory. However, if the governor has been recondi- 
tioned or replaced. and to ensure the engine speed will 
not exceed the recommended no-load speed as given 
on the engine name plate, the maximum no-load speed 
may be set as follows: 


1. Start and warm up the engine. 
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2. Run the engine at no-load and observe the engine 
speed. Be sure the speed control lever is in the run 
position. 


CAUTION: There must be no load on the engine 
during the maximum no-load speed adjustment. 


3. Observe the engine speed and set и, if necessary, to 


Constant Speed Governor Adjustment 


14.6 


the recommended speed with shims placed between 
the operating speed spring and the spring plunger. 


Since the engine performance and efficiency will be 
governed. to a large extent. by the accuracy with which 
the tune-up adjustments are made. the serviceman 
should always perform these operations carefully. 
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HYDRAULIC GOVERNOR AND INJECTOR RACK 
CONTROL ADJUSTMENT 


IN-LINE ENGINE 


The hydraulic governor is mounted on the 2. 3 and 
4-53 engines as shown in Fig. 1. The terminal lever 
return spring and the fuel rod are attached to ап 
external terminal shaft lever. The maximum fuel 
position of the ‘governor load limit is determined by 
the internal governor terminal lever striking against à 
boss that projects from the governor cover. 


Adjust the hydraulic. governor after adjusung the 
exhaust valve clearance and timing the fuel injectors. 


Adjust Fuel Rod and Injector Rack Control 
Levers 


1. Adjust the inner and outer adjusting screws (Fig. 2) 
on the rear injector rack control lever on the control 
tube. Check the clearance between the fuel rod and the 
cylinder head bolt or the cylinder head casting (below 
the bolt) for at least 1/16" clearance when the injector 
rack is in the full-fuel position and the rack adjusting 
screws are tight, If the fuel rod contacts the bolt or the 
cylinder head casting. re-adjust the screws to obtain 
the 1/16". clearance. 


2. Remove the governor terminal lever return spring. 





= 


ig. 1 - Hydraulic Governor Mounting 





Adjusting Screws 


3. Remove the fuel rod end bearing or ball joint from 
the terminal shaft lever and the terminal lever from 
the terminal shaft. 


4. Place the terminal lever on the terminal shaft so 
that the hole for attaching the fuel rod end bearing or 
ball joint is in line vertically above the terminal lever 
shaft at one half the arc of travel. Do not tighten the 
clamping bolt. 


5. Hold the injector rack control tube and the terminal 
lever in the full-fuel position and adjust the length of 
the fuel rod until the end bearing or ball joint will 
slide freely into the hole of the terminal lever as 
shown in Fig. 3. Tighten the lock nut. to retain the 
ball joint or end bearing. and the terminal lever 
clamping bolt securely. 


NOTE: It will be necessary to slide the terminal 
lever partially off of the shaft to attach the fuel 
rod end bearing or ball joint to the terminal 
lever. 


6. Hold the terminal lever in the full-fuel posiuon and 
loosen the inner adjusting screw 1/8 of a turn and 
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Fig. 3 - Adjusting Length of Fuel Rod 


üghten the outer adjusting screw 1/8 of а turn to 
retain the adjustment. This is done to prevent the 
governor from bottoming the injector racks. since 
there is no load limit screw on this governor. 


7. Remove the clevis pin between the fuel rod and the 
injector control tube lever. 


NOTE: Cover the cylinder head oil drain-back 
hole. located under the control lever. when 
removing the fuel rod clevis pin to prevent loss 
of the pin and possible damage to the engine. 


8. Manually hold the rear injector in the full-fuel 
position and turn down the inner rack control lever 
adjusting screw of the adjacent injector until the 
injector rack of the adjacent injector has moved into 
the full-fuel position and the inner adjusting screw 15 
bottomed on the injector control tube. Turn the outer 
adjusting screw down until it bottoms lightly on the 
injector control tube. Then alternately tighten both the 
inner and outer rack control lever adjusung screws. 


NOTE: Overtightening of the injector rack 
control lever adjusting screws during installa- 
поп or adjustment can result in damage to the 
injector control tube. The recommended torque 
of the adjusting screws is 24-36 in-Ib. 
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9. Recheck the rear injector fuel rack to be sure that it 
has remained snug on the ball end of the rack control 
lever while adjusting the adjacent injector. If the rack 
of the rear injector has become loose. back off slightly 
on the inner adjusting screw on the adjacent injector 
rack control lever. Tighten the outer adjusting screw. 
When the settings are correct. the racks of both 
injectors must be snug оп: the ball end of their 
respective rack control levers. 


10. Position the remaining rack control levers as 
outlined in Steps 8 and 9. 


11. Insert the clevis pin between the fuel rod and the 
injector control tube lever. 


12. Install the terminal lever return spring. 


Adjust Speed Droop 


The. purpose of adjusting the speed droop is to 
establish a definite engine speed at no-load with a 
given speed at rated full load. 


The governor droop is set at the factory and further 
adjustment should be unnecessary. However, if the 
governor has had major repairs. the speed droop 
should be re-adjusted. 


The best method of determining the engine speed is 
by the use of an accurate hand tachometer. 


If a full-rated load on the unit can be established and 
the fuel rod. injector rack control levers and load limit 
have been adjusted. the speed droop may be adjusted 
as follows: 





Fig. 4 - Adjusting Droop Bracket 
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|. Start the engine and run it at approximately one- 
half the rated no-load speed until the lubricaung oil 
temperature stabilizes. 


NOTE: When the engine lubricating oil is cold. 
the governor regulation may be erratic. The 
regulation should become increasingly stable as 
the temperature of the lubricating oil increases. 


2. With engine stopped, remove the governor cover. 


3. Loosen the lock nut and back off the maximum 
speed adjusting screw (Fig. 5) approximately 5/8" . 


4. Refer to Fig. 4 and loosen the droop adjusting bolt. 
Move the droop bracket so that the bolt is midway 
between the ends of the slot in the bracket. Tighten 
the bolt. 


5. With the throttle in the RUN position. adjust the 
engine speed until the engine is operating at 3% to 5% 
above the recommended full-load speed. 


6. Apply the full-rated load on the engine and readjust 
the engine speed to the correct full-load speed. 


7. Remove the rated load and note the engine speed 
after the speed stabilizes under no-load. If the speed 
droop is correct. the engine speed will be approxi- 
mately 3% to 5% higher than the full-load speed. 


If the speed droop is too high. stop the engine and 
again loosen the droop bracket retaining bolt and 
move the droop adjusting bracket IN toward the 
engine. Tighten the bolt. To increase the speed droop. 
move the droop adjusung bracket OUT. away from 
the engine. 


The speed droop in governors which control engines 
driving generators in parallel must be identical. 
otherwise the electrical load will not be equally 
divided. 


Adjust the speed droop bracket in each engine 
governor to obtain the desired variation between the 
engine no-load and full-load speeds shown in the 
following table. 


Full Load No-Load 


cycles 1000 cycles 1050 
cycles 1250 
cycles 1575 
cycles 1875 


cycles 1200 
cycles 1500 
cycles 1800 








: E: 
MAXIMUM SPEED 
ADJUSTING SCREW 


Fig. 5 - Adjusting Maximum Engine Speed 


The recommended speed droop of generator sets 
operating in parallel is 50 rpm (2-1/2 cycles) for units 
operating at 1000 and 1200 rpm and 75 rpm (2-1/2 
cycles) for units operating at 1500 rpm and 1800 rpm 
full load. This speed droop recommendation may be 
varied to suit the individual application. 


8. Install the governor cover 


Adjust Maximum No-Load Speed 


With the speed droop properlv adjusted. set the 
maximum no-load speed as follows: 


l. Loosen the maximum speed adjusting screw lock nut 
1 


and back out the maximum speed adjusting screw 3 
turns. 


2. With the engine operating at no-load. adjust the 

engine speed until the engine is operating at 

approximately 8% higher than the rated full-load 
P } E 


speed. 


3. Turn the maximum speed adjusting screw (Fig. 5) 
in lightly until contact is felt with the linkage in the 
governor. 


4. Hold the maximum speed adjusting screw and 
tighten the lock nut. 


SSS SS SS SS а а аа да ааыа 
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HYDRAULIC GOVERNOR AND INJECTOR RACK 
CONTROL ADJUSTMENT 


6V ENGINE 


The hydraulic. governor is mounted between the 
blower and the rear end plate as shown in Fig. 1. The 
vertical control link assembly is attached to the 
governor operating lever and the bell crank lever on 
the governor drive housing (Fig. 2). 


Perform the following adjustment on a 6V engine that 
incorporates a hydraulic governor. 


1. Remove the rocker covers. 


2. Adjust the exhaust valve clearance and time the fuel 
injectors as stated in Sections 14.1 and 142. 


3. Disconnect the vertical control link assembly from 
the governor operating lever. 


4. Loosen all of the injector rack control lever 
adjusting screws. 


5. While holding the bell crank lever (on the governor 
drive housing) in a horizontal position (full-fuel). set 
the No. 3 injector rack control levers on each bank to 
full-fuel. 


6. Position the remaining rack control levers to the 
No. 3 control levers. 


7. Remove the governor cover. 


PLA 


LOAD LIMIT ——- B EN 
^ 


- 4— GOVERNOR 
SCREW Vd 
\ ; 





CONTROL 
LEVER 


VERTICAL 


OPERATING 7 


LEVER | 





Fig. 2 - Hydraulic Governor Controls 


8. To determine the full-fuel position of the terminal 
lever. adjust the load limit screw to obtain a distance 
of 2" from the outside face of the boss on the 
governor sub-cap to the end of the screw. 


9. Adjust the operaung lever (on the governor) so that 
it 15 horizontal. or slightly below (as close as the 
serrations on the shaft will permit). when the shaft is 
rotated to the full-fuel position or clockwise when 
viewed from the front of the engine. 


10. Loosen the lock nut and adjust the length of the 
vertical link assembly. attached to the bell crank lever. 
to match the full-fuel position of the governor 
operating lever and the injector rack control levers. 
This length should be approximately 6-5/16" . Tighten 
the lock nut. 


11. With the governor operating lever held in the full- 
fuel position. turn the load limit screw (Fig. 1) inward 
until the injector racks just loosen on the ball end of 
the control levers to prevent the injector racks from 
bottoming. 


12. Release the governor operaung lever and hold the 
adjusung screw while tightening the lock nut. 


13. Install the governor cover. 


14. Install the rocker covers. 
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SUPPLEMENTARY GOVERNING DEVICE ADJUSTMENT 


ENGINE LOAD LIMIT DEVICE 


Engines with mechanical governors may be equipped 
with a load limit device (Fig. 1) to reduce the 
maximum horsepower. 


This device consists of a load limit screw threaded into 
a plate mounted between two adjacent rocker arm 
shaft brackets and a load limit lever clamped to the 
injector control tube. 


The load limit device is located between the No. 2 and 
No. 3 cylinders of a three or four cylinder engine or 
between the No. 1 and Мо. 2 cylinders of each 
cylinder head on a V-type engine. However, when 
valve rocker covers with a breather are used, the load 
. mit device is installed between the No. 1 and No. 2 
cylinders on in-line engines and between the No. 2 
and No. 3 cylinders on V-type engines to avoid 
interference with the rocker cover baffles. 


When properly adjusted for the maximum horsepower 
desired, this device limits the travel of the injector 
control racks and thereby the fuel output of the 
injectors. 


LOAD LIMIT SCREW 


ADJUSTING SCREW 
PLATE 


LOAD LIMIT 
SCREW SETTING 
LOAD LIMIT 


SCREW 
LOCKNUT 





FULL FUEL 
POSITION 


INJECTOR RACK 
CONTROL TUBE 


LOAD LIMIT 
LEVER 


MARKINGS ON 
ADJUSTING 
SCREW PLATE 




















Fig. 1 - Engine Load Limit Device 


Adjustment 


After the engine tune-up is completed, make sure the 
load limit device is properly installed as shown in 
Fig. 1. Make sure the counterbores in the adjusting 
screw plate are up. The rocker arm shaft bracket bolts 
which fasten the adjusting screw plate to the brackets 
are tightened to 50-55 Ib-ft torque. Then adjust the 
load limit device, on each cylinder head, as follows: 


1. Loosen the load limit screw lock nut. 


2. Back the load limit screw out of the adjusting screw 
plate until approximately 1 ” of the screw is below the 
plate. 


3. Adjust the load limit screw lock nut so the bottom of 
the lock nut is 7/8 " from the bottom of the load limit 
screw (Fig. 1) for the initial setting. 


4. Loosen the load limit lever clamp bolts so the lever 
is free to turn on the injector rack control tube. 


5. Thread the load limit screw into the adjusting screw 
plate until the lock nut bottoms against the top of the 
plate. 


6. Hold the injector rack control tube in the full-fuel 
position and place the load limit lever against the 
bottom of the load limit screw. Then tighten the load 
limit lever clamp bolts. 


7. Check to ensure that the injector racks will just go 
into the full-fuel position -- readjust the load limit 
lever if necessary. 


8. Hold the load limit screw to keep it from turning, 
then ser the lock nut until the distance between the 
bottom of the lock nut and the top of the adjusting 
screw plate corresponds to the dimension (or number 
of turns) stamped on the plate. Each full turn of the 
screw equals .042 ", or .007" for each flat on the 
hexagon head. 


NOTE: If the plate is not stamped, adjust the 
load limit screw while operating the engine on a 
dynamometer test stand and note the number 
of turns required to obtain the desired 
horsepower. Then stamp the plate accordingly. 


9. Thread the load limit screw into the plate until the 
lock nut bottoms against the top of the plate. 


10. Hold the load limit screw to keep it from turning. 
then tighten the lock nut to secure the setting. 
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THROTTLE DELAY MECHANISM 


ROCKER ARM SHAFT 
BRACKET WITH THROTTLE 
DELAY CYLINDER 


THROTTLE DELAY 
LEVER 


ОҢ SUPPLY 
ORIFICE 





THROTTLE DELAY PISTON UNK CYLINDER HEAD 


Fig. 2 - Throttle Delay Cylinder 


The throttle delay mechanism is used to retard full- 
fuel injection when the engine is accelerated. This 
reduces exhaust smoke and also helps to improve fuel 
economy. 


The throttle delay mechanism (Fig. 2) is installed 
between the No. 1 and No. 2 cylinders on three 
cylinder engines, between the No. 2 and No. 3 
cylinders on four cylinder engines. or between the 
No. | and No. 2 cylinders оп the right-bank cylinder 
head of V-type engines. It consists of a special rocker 
arm shaft bracket (which incorporates the throttle 
delay cylinder) a piston, throttle delay lever, 
connecting link, orifice plug, ball check valve and 
U-bolt. 





Fig. 3 - Throttle Delay Yield Lever (In-Line 
Engine) 





comet 


OPERATING SHAFT BUFFER TH DIFFERENTIAL LEVER 


GOVERNOR 
HOUSING 


MEET per ee GAP 
SPRING OPERATING AND THROTTLE DELAY ADJUSTING 
YIELD LEVER ASSEMBLY 5440 SCREW 


Fig. 4 - Throttle Delay Yield Lever (6V Engine) 


A yield lever and spring assembly replaces the 
standard lever and pin assembly on the rear end of the 
injector control tube on in-line engines (Fig. 3). A 
yield lever replaces the standard operating lever in the 
governor of the 6V-53 engine (Fig. 4) and a yield link 
replaces the standard operating lever link in the 8V-53 
governor (Fig. 5). 


Operation 


Oil is supplied to a reservoir above the throttle delay 





ЇНННННЕБӘ 


A 





Fig. 5 - Throttle Delay Yield Link (BV Engine) 
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M 
PISTON AND 
HOUSING FLUSH 





Fig. 6 - Adjusting Throttle Delay Cylinder 


cylinder through an orifice plug in the drilled oil 
passage in the rocker arm shaft bracket (Fig. 2). As 
the injector racks аге moved toward the no-fuel 
position, free movement of the throttle delay piston is 


Governing Device Adjustment 14.14 


assured by air drawn into the cylinder through the bail 
check valve. Further movement of the piston uncovers 
an opening which permits oil from the reservoir to 
enter the cylinder and displace the air. When the 
engine is accelerated, movement of the injector racks 
toward the full-fuel position is momentarily retarded 
while the piston expels the oil from the cylinder 
through an orifice. To permit full accelerator travel, 
regardless of the retarded injector rack position, a 
spring loaded yield lever or link assembly replaces the 
standard operating lever connecting link to the 
governor. 


Adjustment 


Whenever the injector rack control levers are adjusted, 
disconnect the throttle delay mechanism by loosening 
the U-bolt which clamps the lever to the injector 
control tube. After the injector rack control levers have 
been positioned, the throttle delay mechanism must be 
re-adjusted. With the engine stopped, proceed as 
follows: 


1. Refer to Fig. 6 and insert gage J 23190 (.454 " 
setting) between the injector body and the shoulder on 
the injector rack. Then exert a light pressure on the 
injector control tube in the direction of full fuel. 


2. Align the throttle delay piston so it is flush with the 
edge of the throttle delay cylinder. 


3. Tighten the U-bolt on the injector control tube and 
remove the gage. 


4. Move the injector rack from the no-fuel to the full- 
fuel position to make sure it does not bind. 
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ADJUSTMENT OF MECHANICAL GOVERNOR SHUTDOWN SOLENOID 


When a governor shutdown solenoid is used on an 
engine equipped with a mechanical governor, the 
governor stop lever must be properly adjusted to 
match the shutdown solenoid plunger travel. 


The solenoid plunger can be properly aligned to the 
governor stop lever as follows: 


|l. Remove the bolt connecting the rod end eye 
(variable speed governor) or the right angle clip 
(limiting speed governor) to the stop lever (Figs. 7 
and 8). Align and clamp the lever to the shutdown 
shaft in such a way that, at its mid-travel position, it is 
perpendicular to the solenoid plunger. This assures 
that the linkage will travel as straight as possible. The 
solenoid plunger has available 1/2 ” travel which is 
more than adequate to move the injector control racks 
from the full-fuel to the complete no-fuel position and 
shutdown will occur prior to attaining complete travel. 


i Е i 


PLUNGER 


CLAMPING 
BOLT ROD END 
EYE 


SHUTDOWN 
< SHAFT 


e 


2. With the stop lever in the run position, adjust the 
rod end eye or right angle clip for minimum 
engagement on the solenoid plunger when the 
connecting bolt is installed. The oversize hole in the 
eye or clip will thereby permit the solenoid to start 
closing the air gap, with a resultant build-up of pull-in 
force prior to initiating stop lever movement. 


3. The bolt through the rod end eye or the right angle 
clip should be locked to the stop lever and adjusted to 
a height that will permit the eye or clip to float 
vertically. The clearance above and below the eye or 
clip and the bolt head should be approximately 1/32 " 
minimum. 


NOTE: The lock nut can be either on top of or 
below the stop lever. 


4. Move the lever to the stop position and observe the 
plunger for any possible bind. If necessary, loosen the 


LOCK NUT 


CLEARANCE 1/32" MIN. 





Fig. 7 - Typical Variable Speed Governor Lever Position 


Page 4 


DETROIT DIESEL 53 Governing Device Adjustment 14.14 


&J CLEARANCE 1/32" MIN. 


SHUTDOWN 
V;" TRAVEL 


MID POSITION 


CLAMPING 
BOLT 


PLUNGER 


SOLENOID 





Fig. 8 - Typical Limiting Speed Governor Lever Position 


mounting bolts and realign the solenoid to provide 
free plunger motion. 
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LUBRICATION AND PREVENTIVE MAINTENANCE 


To obtain the best performance and long life from a Detroit Diesel 
engine, the Operator must adhere to the following schedule and 
instructions on lubrication and preventive maintenance. 


The daily instructions pertain to routine or daily starting of an 
engine and not to a new engine or one that has not been operated for 
a considerable period of time. For new or stored engines. carry out 
the instructions given under Preparation for Starting Engine First 
Time under Operating Instructions in Section 13. 


The time intervals given in the chart on the following page are actual 
operating hours or miles of an engine. If the lubricating oil is 
drained immediately after an engine has been run for some time, 
most of the sediment will be in suspension and. therefore. will drain 
readily. 
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LUBRICATION AND PREVENTIVE Time Interval 
MAINTENANCE CHART yours | [в] 200 | зоо | 500 | 1,000 | 2,000 


Item Operation Miles 1,500 | 3,000 | 6,000 | 9,000 15,000 30,000 | 60,000 
1. Engine Oil 


2. Oil Filter* 
3. Coolant and Filter 























4. Hoses 
5. Radiator 


6. Heat Exchanger Electrodes and Core 


x 
7. Raw Water Pump 


8. Fuel Tank 


X 
9. Fuel Strainer and Filter x 


10. Air Cleaners 


BE 


11. Air Box Drains 


12. Ventilating System mE 


13. Blower Screen 


14. Starting Motor* 


= 
= 


15. Battery-Charging Generator 
16. Battery 

17. Tachometer Drive 

18. Throttle and Clutch Controls 
19. Engine Tune-Up* 


20. Drive Belts 


21. Overspeed Governor | 
22. Fan Hub Bearings* | | | 
Tue m КЕЕ ЕА 


24. Hydrostarter System* 


25. Air Compressor Air Strainer 
26. Turbocharger* 

27. Power Generator 

28. Power Take-Off 


29. Torqmatic Converter 


. 30. Marine Gear (x | | 


* See items on following pages 
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Item 1 


Check the oil level daily before starting the engine. 
Add oil. if necessary, to bring it to the proper level on 
the dipstick. 


Select the proper grade of oil in accordance with the 
instructions in the Lubricating Oil Specifications in 
Section 13.3. 


It is recommended that new engines be started with 
100 hour oil change periods. For highway vehicles, this 
corresponds to approximately 3,000 miles, and for city- 
service vehicles approximately 1.000-2,000 miles. The 
drain interval may then be gradually increased, or 
decreased, following the recommendations of an 
independent oil analysis laboratory or the oil supplier 
(based upon the oil sample analysis) until the most 
practical oil change period has been established. 


Item 2 


Install new engine oil filter elements and gaskets each 
time the engine oil is changed. Check for oil leaks 
after starting the engine. If the engine is equipped 
with a governor oil filter. change the element every 
1.000 hours. 





Items 1 and 2 





Items 3 and 4 


Нет 3 


Check the coolant level daily and maintain it near the 
top of the heat exchanger tank or the radiator upper 
tank. 


Clean the cooling svstem every 1.000 hours or 30.000 
miles using a good radiator cleaning compound in 
accordance with the instructions on the container. 
After the cleaning operation. rinse the cooling system 
thoroughly with fresh water. Then fill the system with 
soft water. adding a good grade of rust inhibitor or a 
high boiling point type antifreeze (refer to Engine 
Coolant in Section 13.3). With the use of a proper 
antifreeze or rust inhibitor. this interval may be 
lengthened until, normally. this cleaning is done only 
in the spring or fall. The length of this interval will. 
however. depend upon an inspection for rust or other 
deposits on the internal walls of the cooling system. 
When a thorough cleaning of the cooling system 1s 
required, it should be reverse-flushed. 


If the cooling system is protected by a coolant filter 
and conditioner. the filter element should be changed 
every 500 hours or 15.000 miles. 


ltem 4 


Inspect all of the cooling system hoses at least once 
every 500 hours or 15.000 miles for signs of 
deterioration. Replace the hoses if necessary. 
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Item 5 
Item 5 


Inspect the exterior of the radiator core every 1.000 
hours or 30.000 miles and, if necessary, clean it with a 
quality grease solvent such as Oleum and dry it with 
compressed air. Do not use fuel oil kerosene or 
gasoline. lt may be necessary to clean the radiator 
more frequently if the engine is being operated in 
extremely dusty or dirty areas. 


Item 6 


Every 500 hours, drain the water from the heat 
exchanger raw water inlet and outlet tubes. Then 
remove the zinc electrodes from the inlet side of the 
raw water pump and the heat exchanger. Clean the 
electrodes with а wire brush or. if worn excessively. 
replace with new electrodes. To determine the 
condition of a used electrode, strike it sharply against 
a hard surface; a weakened electrode will break. 


Drain the cooling system, disconnect the raw water 
pipes at the outlet side of the heat exchanger and 
remove the retaining cover every 1.000 hours and 
inspect the heat exchanger core. If a considerable 
amount of scale or deposits are present, clean the core 
as outlined in Section 5.5. 


Item 7 


Check the prime on the raw water pump: the engine 
should not be operated with a dry pump. Prime the 
pump, if necessary, by removing the pipe plug 
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Item 7 


provided in the pump inlet elbow and adding water. 
Reinstall the plug. 


Item 8 


Keep the fuel tank filled to reduce condensation to а 
minimum. Select the proper grade of fuel in 
accordance with the Diesel Fuel Oil Specifications in 
Section 13.3. Open the drain at the bottom of the fuel 
tank every 500 hours or 15.000 miles to drain off any 
water or sediment. 


Item 9 


Drain approximately one-fourth pint of fuel to remove 
sediment and water from the strainer and the filter 
daily by opening the drain cock in the bottom of each 


DETROIT DIESEL 53 
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Item 9 


shell. Install new elements every 300 hours or 9,000 
miles or when plugging is indicated. 


A method of determining when elements are plugged 
to the extent that they should be changed is based on 
the fuel pressure at the cylinder head fuel inlet 
manifold and the inlet restriction at the fuel pump. In 
a clean system, the maximum pump inlet restriction 
must not exceed 6 inches of mercury. At normal 
operating speeds (1800-2800 rpm). the fuel pressure is 
45 to 70 psi. Change the fuel filter elements whenever 
the inlet restriction (suction ) at the fuel pump reaches 
12 inches of mercury at normal operating speeds and 
whenever the fuel pressure at the inlet manifold falls 
to 45 psi. 


Item 10 


Remove the dirty oil and sludge from the oil bath type 
air cleaner cups and center tubes every 8 hours (every 
0.000 miles for highway vehicle engines), or less if 
operating conditions warrant. Wash the cups and 
elements in clean fuel oil and refill the cups to the 
level mark with the same grade and viscosity Леауу- 
duty oil as used in the engine. The frequency of 
servicing may be varied to suit local dust conditions. 


It is recommended that the body and fixed element in 
the heavy-duty oil bath type air cleaner be serviced 
every 500 hours, 15,000 miles or as conditions warrant. 


Clean or replace the element in the dry-type air 
cleaner when the restriction. indicator instrument 
indicates high restriction or when a water manometer 





Olt BATH DRY TYPE 


Item 10 





Item 11 


reading at the air inlet housing indicates the 
maximum allowable air inlet restriction (Section 13.2). 


Item 11 


With the engine running. check for flow of air from 
the air box drain tubes every 1.000 hours or 30.000 
miles. If the tubes are clogged, remove, clean and 
reinstall the tubes. The air box drain tubes should be 
cleaned periodically even though a clogged condition 
is not apparent. If the engine is equipped with an air 
box drain tank, drain the sediment periodically. If the 
engine is equipped with an air box drain check valve. 
replace the valve every 500 hours or 15,000 miles. 


Item 12 
Remove the externally mounted crankcase breather 
SEC. 15.1 
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Item 12 


assembly every 1,000 hours or 30,000 miles and wash 
the steel mesh pad in clean fuel oil. This cleaning 
period may be reduced or lengthened according to 
severity of service (refer to Section 4.8). 


Clean the internally mounted breather pads at time of 
engine overhaul, or sooner if excessive crankcase 
pressure 1s observed. 


Clean the breather cap, mounted on the valve rocker 
cover, in clean fuel oil every time the engine oil is 
changed (refer to Section 4.8). 


Item 13 


Inspect the blower screen and gasket assembly every 
1.000 hours or 30,000 miles and. if necessary. clean the 
screen in fuel oil and dry it with. compressed. air. 
Reinstall the screen and gasket assembly with the 
screen side of the assembly toward the blower. 


Item 14 


The electrical starting motor is lubricated at the time 
of original assembly. Oil can be added to the oil wicks, 
which project through each bushing and contact the 
armature shaft, by removing the pipe plugs on the 
outside of the motor. The wicks should be lubricated 
whenever the starung motor is taken off the engine or 
disassembled. 


The Sprag overrunning clutch drive mechanism should 
be lubricated with a few drops of light engine oil 
whenever the starting motor is overhauled. 


Item 13 





Item 14 


Item 15 


Lubricate the battery-charging generator (alternator) 
bearings or bushings with 5 or 6 drops of engine oil at 
the hinge cap oiler every 200 hours or 6,000 miles. 


On early generators equipped with grease cups, turn 
the cups down one full turn every 100 hours or 3.000 
miles of operation. Keep the grease cups filled with 
Delco- Remy Cam and Ball Bearing Lubricating, or 
equivalent. Avoid excessive lubrication since this may 
cause lubricant to be forced onto the commutator. 


Some generators have a builtin supply of grease. 
while others use sealed bearings. In these latter two 
cases. additional lubrication is not necessary. 
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On D.C. generators, inspect the commutator and 
brushes every 500 hours or 15,000 miles. Clean the 
commutator every 2,000 hours or 60.000 miles, if 
necessary, with No. 00 sandpaper or a brush seating 
stone. After cleaning, reseat the brushes and blow out 
the dust. 


On A.C. generators (alternators), the slip rings and 
brushes can be inspected through the end frame 
assembly. If the slip rings are dirty. they should be 
cleaned with 400 grain or finer polishing cloth. Never 
use emery cloth to clean slip rings. Hold the polishing 
cloth against the slip rings with the generator in 
operation and blow away all dust after the cleaning 
operation. If the slip rings are rough or out of round. 
replace them. 


Inspect the terminals for corrosion and loose 
connections and the wiring for frayed insulation. 


Item 16 


Check the specific gravity of the electrolyte in each cell 
of the battery every 100 hours or 3.000 miles. In warm 
weather, however, it should be checked more 
frequently due to a more rapid loss of water from the 
electrolyte. The electrolyte level should be maintained 
in accordance with the battery manufacturer's 
recommendations. 
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Item 17 


Item 17 


Lubricate the tachometer drive every 100 hours or 
3.000 miles with an all purpose grease at the grease 
fitting. At temperatures above +30 F.. use a No. 2 
grade grease. Use a No. | grade grease below this 
temperature. 


Item 18 


Lubricate the throttle control mechanism every 200 
hours or 6,000 miles with an all purpose grease at the 
grease fittings. At temperatures above +30 `F.. use à 
No. 2 grade grease. Use a No. 1 grade grease below 
this temperature. Lubricate the clutch control levers 
and all other control mechanisms, as required. with 
engine oil. 


Item 19 


There is no scheduled interval for performing an 
engine tune-up. As long as the engine performance is 
satisfactory. no tune-up should be needed. Minor 
adjustments in the valve and injector operating 
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mechanisms. governor. etc. should only be required 
periodically to compensate for normal wear on parts. 


Item 20 


New standard V-belts will stretch after the first few 
hours of operation. Run the engine for 15 seconds to 
seat the belts, then retension them. Retighten new fan 
drive, pump drive, battery-charging generator and 
other accessory drive belts after 1/2 hour or 15 miles 
and again after 8 hours or 240 miles of operation. 
Thereafter. check the tension of the drive belts every 
200 hours or 6,000 miles and adjust. if necessary. Too 
tight a belt is destructive to the bearings of the driven 
part; а loose belt will slip. 


Replace all belts in a set when one is worn. Single belts 
of similar size should not be used as a substitute for a 
matched belt set; premature belt wear can result 
because of belt length variation. All belts in a matched 
belt set are within .032 " of their specified center 
distances. 


Adjust the belt tension so that a firm push with the 
thumb. at a point midway between the two pulleys, 
will depress the belt 1/2 " to 3/4 ". If belt tension 
gage BT-33-73FA or equivalent is available, adjust the 
belt tension as outlined in the Chart. 


NOTE: When installing or adjusting an acces- 
sory drive belt. be sure the bolt at the accessory 
adjusting pivot point is properly tightened, as 
well as the bolt in the adjusting slot. 


Item 21 


Lubricate the overspeed governor. if it is equipped 
with a hinge-type cap oiler or oil cup. with 5 or 6 
drops of engine oil every 500 hours. Avoid excessive 
lubrication and do not lubricate the governor while the 
engine is running. 
























Fan Drive Generator Drive 
Two 3/8" 
Engine | 20r 3| Single or 
Model L Belts Belt 1/2" Belts 
2,3, 453| 40-50 = 40-50 
6, 8М-53 | 60-80 | 80-100 40-50 
4 
АН For 3-point or triangular drive use a tension of 90-120. 





'Belt tension is 50-70 for a single premium high capacity belt 
(.785" wide) used to drive a 12 cfm oir compressor. 


BELT TENSION CHART (ibs/belt) 





Item 20 


Item 22 


At a major engine overhaul. discard the bearings in 
the fan hub assembly used in radiator cooled engines. 
Pack the hub assembly. using new bearings, with 
Chevron BRB No. 2 grease or an equivalent 
performance grease. 


Item 23 
Check the shut-down system every 300 operating hours 
or each month to be sure it will function when needed. 
Нет 24 
On engines equipped with a Hydrostarter, refer to 
Lubrication and Preventive Maintenance in 
Section 12.6.1. 
Нет 25 
To clean either the hair or polyurethane type air 
compressor air strainer element, saturate and squeeze 


it in fuel oil, or any other cleaning agent that would 
not be detrimental to the element. until dirt free. Then 
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Item 25 


dip it in lubricating oil and squeeze it dry before 
placing it back in the air strainer. 


For replacement of the air strainer element, contact 
the nearest Bendix Westinghouse dealer; replace with 
the polyurethane element, if available. 


Item 26 


There is no scheduled interval for performing an 
inspection on the Airesearch turbocharger. As long as 
the turbocharger is operating satisfactorily and there 
is no appreciable loss of power, no vibration or 
unusual noise and no oil leaks. only a periodic 
inspection is necessary (refer to Section 3.5). 


Item 27 


The power generator requires lubrication at only one 
point -- the ball bearing in the end frame. 


If the bearing is oil lubricated. check the oil level in 
the sight gage every 300 hours: change the oil every 
six months. Use the same grade and viscosity heavy- 
duty oil as specified for the engine. Maintain the oil 
level to the line in the sight gage. Do not overfill. After 
adding oil, recheck the oil level after running the 
generator for several minutes. 
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Item 27 


If the bearing is grease lubricated, a new generator 
has sufficient grease for three years of normal service. 
Thereafter. it should be lubricated at one year 
intervals. To lubricate the bearing, remove the filler 
and relief plugs on the side and the bottom of the 
bearing reservoir. Add grease until new grease appears 
at the relief plug opening. Run the generator a few 
minutes to vent the excess grease; then reinstall the 


plugs. 


The following greases, or their equivalents. аге 
recommended: 


Keystone 44H 
BRB Lifetime 
NY and NJ F926 or F927 


Keystone Lubrication Co. 
.....Socony Vacuum Oil Co. 
NY and NJ Lubricant Co. 


After 100 hours on new brushes, or brushes in 
generators that have not been in use over a long 
period, remove the end frame covers and inspect the 
brushes. commutator and collector rings. If there is no 
appreciable wear on the brushes, the inspection 
interval may be extended until the most practicable 
period has been established (not to exceed six months). 
To prevent damage to the commutator or the collector 
rings. do not permit the brushes to become shorter 
than 3/4 inch. 


Keep the generator clean inside and out. Before 
removing the end frame covers, wipe off the loose dirt. 
The loose dirt and dust may be blown out with low 
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pressure air (25 psi maximum). Remove all greasy dirt 
with a cloth. 


Нет 28 


Lubricate all of the power take-off bearings with an all 
purpose grease such as Shell Alvania No. 2, or 
equivalent. Lubricate sparingly to avoid getting grease 
on the clutch facing. 


Open the cover on the side of the clutch housing (8 ” 
and 10” diameter clutch) and lubricate the clutch 
release sleeve collar through the grease fitting every 8 
hours. 


Lubricate the clutch drive shaft pilot bearing through 
the fitting in the outer end of the drive shaft (8 ” and 
10 ” diameter clutch power take-offs) every 50 hours 
of operation. One or two strokes with a grease gun 
should be sufficient. e 


Lubricate the clutch drive shaft roller bearings 
through the grease fitting in the clutch housing every 
50 hours under normal operating conditions (not 
continuous) and more often under severe operating 
conditions or continuous operation. 


Lubricate the clutch release shaft through the fittings 
at the rear of the housing every 500 hours of 
operation. 


Lubricate the clutch levers and links sparingly with 
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Prevailing 
Ambient 
Temperature 


Above -10? F. Hydraulic Transmission Fluid, Type С-2. 


Recommended Oil 
Specification 


Below -10° F. Hydraulic Transmission Fluid, Type C-2. Aux- 
iliary preheat required to raise temperature 


in the sump to a temperature above -10° F. 





OIL RECOMMENDATIONS 


engine oil every 500 hours of operation. Remove the 
inspection hole cover on the clutch housing and 
lubricate the clutch release levers and pins with a hand 
oiler. To avoid getting oil on the clutch facing, do not 
over lubricate the clutch release levers and pins. 


Check the clutch. facing for wear every 500 hours. 
Adjust the clutch if necessary. 


Item 29 


Check the oil level in the Torqmatic converter and 
supply tank daily. The oil level must be checked while 
the converter is operating, the engine idling and the 
oil is up to operating temperature (approximately 
200 ^F). If the converter is equipped with an input 
disconnect clutch, the clutch must be engaged. 


Check the oil level after running the unit a few 
minutes. The oil level should be maintained at the 
proper level on the dipstick. If required, add hydraulic 
transmission fluid type "C-2" (see chart). Do not 
overfill the converter as too much oil will cause 
foaming and high oil temperature. 


The oil should be changed every 500 hours of 
operation. Also. the oil should be changed whenever it 
shows traces of dirt or effects of high operating 
temperature as evidenced by discoloration or strong 
odor. If the oil shows metal contamination, refer to the 
separate manual covering the specific converter as this 
usually requires disassembly. Under severe operating 
conditions, the oil should be changed more often. 


The converter oil breather, located on the oil level 
indicator (dipstick), should be cleaned each time the 
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item 30 


converter oil is changed. This can be accomplished by 
allowing the breather to soak in a solvent, then drying 
it with compressed air. 


The full-flow oil filter element should be removed, the 
shell cleaned and а new element and gasket installed 
each time the converter oil is changed. 


Lubricate the input clutch release bearing and ball 
bearing every 50 hours with an all purpose grease 
through the grease fittings provided on the clutch 
housing. This time interval may vary depending upon 
the operating conditions. Over-lubrication will cause 


grease to be thrown on the clutch facing, causing the 
clutch to slip. 


Item 30 
WARNER MARINE GEAR: 


Check the oil level daily. Start and run the engine at 
idle speed for a few minutes to fill the lubrication 
system. Stop the engine. Then, immediately after 
stopping the engine, check the oil level in the marine 
gear. Bring the oil level up to the proper level on the 
dipstick. Use the same grade and viscosity heavy-duty 
oil as used in the engine. Do not overfill. 


Change the oil every 200 hours. After draining the oil 
from the unit, clean the removable oil screen 
thoroughly before refilling the marine gear with oil. 


TWIN DISC MARINE GEAR: 


Check the oil level daily. Check the oil level with the 
engine running at low idle speed and the gear in 
neutral. Keep the oil up to the proper level on the 
dipstick. Use the same grade and viscosity heavy-duty 
oil as used in the engine. 


Change the oil every 200 hours. Remove and clean the 
oil inlet strainer screen after draining the oil. The 
Strainer 1s located in the sump at the lower end of the 
pump suction line. Reinstall the strainer and refill the 
marine gear with oil up to the full mark on the 
dipstick (approximately 5 quarts). Start the engine 
and, with the gear in neutral, run the engine at idle 
speed for three to five minutes. Then stop the engine 
and check the marine gear oil level. If necessary. add 
oil to bring it up to the full mark on the dipstick. 
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TROUBLE SHOOTING 


Certain abnormal conditions which sometimes inter- 
fere with satisfactory engine operation, together with 
methods of determining the cause of such conditions, 
are covered on the following pages. 


Satisfactory engine operation depends primarily on: 


l. An adequate supply of air compressed to а 
sufficiently high compression pressure. 


2. The injection of the proper amount of fuel at the 
right time. 


Lack of power, uneven running, excessive vibration, 
stalling at idle speed and hard starting may be caused 
by either low compression, faulty injection in one or 
more cylinders, or lack of sufficient air. 


Since proper compression, fuel injection and the 
proper amount of air are important to good engine 
performance, detailed procedures for their investiga- 
tion are given as follows: f 


Locating a Misfiring Cylinder 


1. Start the engine and run it at part load unul it 
reaches normal operating temperature. 


2. Stop the engine and remove the valve rocker 
cover(s). 


3. Check the valve clearance. 


4. Start the engine. Then, hold an injector follower 
down with a screw driver, thus preventing operation of 
the injector. If the cylinder has been misfiring, there 
will be по noticeable difference in the sound and 
operation of the engine. If the cylinder has been firing 
properly, there will be a noticeable difference in the 
sound and operation when the injector follower is held 
down. This is similar to short-circuiting a spark plug in 
a gasoline engine. 


5. If the cylinder is firing properly, repeat the 
procedure on the other cylinders until the faulty one 
has been located. 


6. Provided the injector operating mechanism of the 
faulty cylinder is functioning satisfactorily, remove the 
fuel injector and install a new one. 


7. If installation of a new injector does not eliminate 
the misfiring, the compression pressure of the cylinder 
in question should be checked. 


Checking Compression Pressure 


Compression pressure is affected by altitude as 
follows: 








RELIEF 


Fig. 1 - Checking Compression Pressure 





Minimum Compression 
Pressure, psi Altitude, Feet 


Above Sea Level 





Std. Engine "М" Engine 





540 0 
500 2,500 
465 5,000 
430 7,500 
395 10,000 


Check the compression pressure as follows: 


1. Start the engine and run it at approximately one- 
half rated load until normal operating temperature is 
reached. 


2. Stop the engine and remove the fuel pipes from the 
injector and fuel connectors of the No. 1 cylinder. 


3. Remove the injector and install the adaptor J 7915- 
02 and pressure gage and hose assembly J 6992 
(Fig. 1). 


4. Use a spare fuel pipe and fabricate a jumper 
connection between the fuel inlet and return manifold 
connectors. This will permit fuel from the inlet 
manifold to flow directly to the return manifold. 


5. Start the engine and run it at a 600 rpm. Observe 
and record the compression pressure indicated on the 


gage. 


Do not crank the engine with the starting motor to obtain 
the compression pressure. 


6. Perform Steps 2 through 5 on each cylinder. The 
compression pressure in any one cylinder should be 
not less than 430 psi (540 psi for 53N engines) at 600 
rpm. In additon. the variation in compression 
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pressures between cylinders must not exceed 25 psi at 
600 rpm. 


EXAMPLE: If the compression pressure readings 
were as shown in the following table, it would 
be evident that No. 3 cylinder should be 
examined and the cause of the low compression 
pressure be determined and corrected. 





Cylinder 


Gage Reading* 











The above pressures are for an engine operating at an 
altitude near sea level. 


Note that all of the cylinder pressures are above the 
low limit for satisfactory engine operation. Neverthe- 
less. the No. 3 cylinder compression pressure indicates 
that something unusual has occurred and that a 
localized pressure leak has developed. 


Low cylinder pressure may result from any one of 
several causes: 


A. Piston rings may be stuck or broken. To 
determine the condition of the rings, remove the 
air box cover and inspect them by pressing on the 
rings with a blunt tool. A broken or stuck ring will 
not have a "spring- like" action. 


B. Compression pressure may be leaking past the 
cylinder head gasket, the valve seats, the injector 
tube, or a hole in the piston. 


Engine Out of Fuel 


The problem in restarting the engine after it has run 
out of fuel stems from the fact that after the fuel is 
exhausted from the fuel tank, fuel is then pumped 
from the primary fuel strainer and sometimes partially 
removed from the secondary fuel filter before the fuel 
supply becomes insufficient to sustain engine firing. 
Consequently, these components must be refilled with 
fuel and the fuel pipes rid of air in order for the 
system to provide adequate fuel for the injectors. 


When an engine has run out of fuel. there 1s a definite 
procedure to follow for restarting it: 


l. Fill the fuel tank with the recommended grade of 


fuel oil. If only partial filling of the tank is possible, 
add a minimum of ten gallons of fuel. 
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2. Remove the fuel strainer shell and element from the 
strainer cover and fill the shell with fuel oil. Install the 
shell and element. 


3. Remove and fill the fuel filter shell and element 
with fuel oil as in Step 2. 


4. Start the engine. Check the filter and strainer for 
leaks. 


NOTE: In some instances, it may be necessary to 
remove a valve rocker cover and loosen a fuel 
pipe nut in order to bleed trapped air from the 
fuel system. Be sure the fuel pipe is retightened 
securely before replacing the rocker cover. 


Primer J 5956 may be used to prime the entire fuel 
system. Remove the filler plug in the fuel filter cover 
and install the primer. Prime the system. Remove the 
primer and install the filler plug. 


Fuel Flow Test 


1. Disconnect the fuel return hose and hold the open 
end in a suitable container. 


2. Start and run the engine at approximately 1200 rpm 
and measure the fuel flow from the return hose for 
one minute. At least 0.6 gallon of fuel should flow 
from the return hose per minute. 


3. Be sure all of the connections between the fuel 
supply and the pump are tight so that no air will be 
drawn into the fuel system: then, immerse the end of 
the fuel hose in the fuel in the container. Air bubbles 
rising to the surface of the fuel will indicate a leak on 
the suction side of the pump. 


Crankcase Pressure 


The crankcase pressure indicates the amount of air 
that has passed between the oil control rings and the 
cylinder liner into the crankcase, most of which is 
clean air from the air box. A slight pressure in the 
crankcase is desirable to prevent the entrance of dust. 
A loss of engine lubricating oil through the breather 
tube. crankcase ventilator. or dipstick hole in the 
cylinder block is indicative of excessive crankcase 
pressure. 


The causes of high crankcase pressure may be traced 
to excessive blow-by due to worn piston rings, a hole 
or crack in a piston crown. loose piston pin retainers, 
worn blower oil seals, defective blower, cylinder, or 
end plate gaskets, or excessive exhaust back pressure. 
Also, the breather tube or crankcase ventilator should 
be checked for obstructions. 
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The crankcase pressure may be checked with a 
manometer. The manometer should be connected to 
the oil level dipstick opening in the cylinder block. 
Check the readings obtained at various engine speeds 
with the Engine Operating Conditions in Section 13.2. 


Exhaust Back Pressure 


A slight pressure in the exhaust system is normal. 
However, excessive exhaust back pressure seriously 
affects engine operation. It may cause an increase in 
the air box pressure with a resultant loss of efficiency 
of the blower. This means less air for scavenging 
which results in poor combustion and higher 
temperatures. 


Causes of high exhaust back pressure are usually a 
result of an inadequate or improper type of muffler, 
an exhaust pipe which is too long or too small in 
diameter, an excessive number of sharp bends in the 
exhaust system, or obstructions such as excessive 
carbon formation or foreign matter in the exhaust 
system. 


The exhaust back pressure, measured in inches of 
mercury, may be checked with a manometer in the 
engine diagnosis test kit J 9531-01. Connect the 
manometer to the exhaust manifold by removing the 
1/8" pipe plug which is provided for that purpose. If 
there is no opening provided, drill an 11/32" hole in 
the exhaust manifold companion flange; then tap the 
hole to accommodate а 1/8" pipe plug. 


On turbocharged engines check the exhaust back 
pressure in the exhaust piping 6" to 12" from the 
rear face of the turbine. The tapped hole must be in a 
comparatively straight area for an accurate 
measurement. 


Check the readings obtained at various speeds (at no- 
load) with the specifications in Section 13.2. 


Air Box Pressure 


Proper air box pressure is required to maintain 
sufficient air for combustion and scavenging of the 


PROPER USE 


The U-tube manometer is a primary measuring device 
indicating pressure or vacuum by the difference in the 
height of two columns of fluid. 


Connect the manometer to the source of pressure, 
vacuum or differential pressure. When the pressure 15 
imposed, add the number of inches one column of 
fluid travels up to the amount the other column travels 
down to obtain the pressure (or vacuum) reading. 


OF 


burned gases. Low air box pressure is caused by a high 
air inlet restriction, damaged blower rotors, an air leak 
from the air box, such as leaking end plate gaskets, or 
a clogged blower air inlet screen. Lack of power or 
black or grey exhaust smoke are indicauons of low air 
box pressure. 


High air box pressure can be caused by partially 
plugged cylinder liner ports. 


To check the air box pressure, connect a manometer to 
an air box drain tube. 


Check the readings obtained at various speeds with the 
Engine Operating Conditions in Section 13.2. 


Air Inlet Restriction 


Excessive restriction of the air inlet will affect the flow 
of air to the cylinders and result in poor combustion 
and lack of power. Consequently the restriction must 
be kept as low as possible considering the size and 
capacity of the air cleaner. An obstruction in the air 
inlet system or dirty or damaged air cleaners will 
result in a high blower inlet restriction. 


The air inlet restriction may be checked with a water 
manometer connected to a fitüng in the air intake 
ducting located 2" above the air inlet housing. When 
practicability prevents the insertion of a fitting at this 
point, the manometer may be connected to the engine 
air inlet housing. The restriction at this point should 
be checked at a specific engine speed. Then, the air 
cleaner and ducting should be removed from the air 
inlet housing and the engine again operated at the 
same speed while noting the manometer reading. 


The difference between the two readings, with and 
without the air cleaner and ducting, is the actual 
restriction caused by the air cleaner and ducting. 


Check the normal air inlet vacuum at various speeds 
(at no-load) and compare the results with the Engine 
Operating Conditions in Section 13.2. 


MANOMETER 


The height of a column of mercury is read differently 
than that of a column of water. Mercury does not wet 
the inside surface: therefore, the top of the column 
has a convex meniscus (shape). Water wets the surface 
and therefore has a concave meniscus. A mercury 
column is read by sighting horizontally between the 
top of the convex mercury surface (Fig. 2) and the 
scale. A water manometer is read by sighting 
horizontally between the bottom of the concave water 
surface and the scale. 
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Should one column of fluid travel further than the 
other column, due to minor variations in the inside 
diameter of the tube or to the pressure imposed, the 
accuracy of the reading obtained is not impaired. 





The manometer reading may be converted into other 
units of measurement by use of the pressure 
conversion chart. 


MEIGHT 
OF 
| COLUMN 


Hg H20 


PRESSURE CONVERSION CHART 


TOP SURFACE OF FLUIDS ns 
















ye water = .0735" mercury CONVEX FOR MERCURY CONCAVE FOR WATER 

1" water - .0361 psi 

]" mercury - .491 psi 

1" mercury = 13.6" water 

l psi = 27.7" water 9 | | 

l psi = 2.036" mercury Fig. 2 - Comparison of Column Height for 


Mercury and Water Manometers 





Chart 1 


EXHAUST SMOKE ANALYSIS 


| CHECKS SHOULD BE MADE WITH WATER OUTLET TEMPERATURE AT 160°F. MINIMUM 


BLUE SMOKE | 

















| BLACK OR GRAY SMOKE 











Probable Causes 


| 


| 1. INCOMPLETELY BURNED FUEL ] 


L 


[ Probable Causes | 


E 


4. LUBRICATION OIL NOT BURNED 
IN CYLINDER (BLOWN THROUGH 















































CYLINDER DURING SCAVENGING 
2. EXCESSIVE FUEL OR IRREGULAR PERIOD) 
FUEL DISTRIBUTION 
[ 3. IMPROPER GRADE OF FUEL | 
| WHITE SMOKE 
| Probable Cause E 
| 5. MISFIRING CYLINDERS | 
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SUGGESTED REMEDY 


|. High exhaust back pressure or a restricted air inlet 
causes insufficient air for combustion and will result in 
incompletely burned fuel. 


High exhaust back pressure is caused by faulty exhaust 
piping or muffler obstruction and is measured at the 
exhaust manifold outlet with a manometer. Parts 
causing high exhaust back pressure should be replaced. 


Restricted air inlet to the engine cylinders is caused by 
clogged cylinder liner ports, air cleaner, or blower air 
inlet screen. These items should be cleaned. Check the 
emergency stop to make sure that it is completely open 
and readjust it if necessary. 


2. Check for improperly timed injectors and 
improperly positioned injector rack control levers. 
Time the fuel injectors as outlined in Fuel Injector 
Timing and perform the appropriate governor tune-up 
to correct this condition. 


Replace faulty injectors if this condition still persists 
after timing the injectors and performing the engine 
tune-up. 


Lugging the engine will cause incomplete combusuon 
and should be avoided. Operate the engine as outlined 
in the Drivers Handbook. 


3. Check for the use of an improper grade of fuel. 
Consult the Fuel Oil Specifications for the correct fuel 
to use. 


4. Check for internal lubricating oil leaks, and refer to 
the High Lubricating Oil Consumption chart. 


5. Check for faulty injectors and replace as necessary. 


Check for low compression and consult the Hard 
Starting chart. 


The use of low cetane fuel will cause this condition 
and can be corrected by consulting and following the 
Fuel Oil Specifications. 
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HARD STARTING 





| Probable Causes 














ENGINE WILL NOT ROTATE | LOW COMPRESSION Wi 


Check For Check For 


1. LOW BATTERY, LOOSE STARTER CON- 9. EXHAUST VALVES STICKING OR 
NECTIONS OR FAULTY STARTER BURNED 


] L 


| 2. DEFECTIVE STARTING MOTOR SWITCH l 10. COMPRESSION RINGS WORN 


























OR BROKEN 
| 3. INTERNAL SEIZURE | 11. CYLINDER HEAD GASKET 


LEAKING 


LOW CRANKING SPEED 12. IMPROPER VALVE CLEARANCE 


ADJUSTMENT 


13. BLOWER NOT FUNCTIONING 














Check For 


. IMPROPER LUBRICATING OIL 
VISCOSITY 


. LOW BATTERY OUTPUT 


L 


. LOOSE STARTER CONNECTIONS OR 
FAULTY 5ТАКТЕК 























INOPERATIVE STARTING AID 
AT LOW AMBIENT TEMP. 


Check For Check For 


. AIR LEAKS, FLOW OBSTRUCTIONS, 14. IMPROPER OPERATION OF FLUID 
FAULTY FUEL PUMP, FAULTY STARTING AID 
INSTALLATION 


. INJECTOR RACKS NOT IN FULL- 
FUEL POSITION 


NO FUEL 
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Trouble Shooting Engine 15.2 


HARD STARTING (Cont'd.) 


SUGGESTED REMEDY 


1. Refer to Items 2 and 3 and perform the operations 
listed. 


2. Replace the starting motor switch. 


3. Hand crank the engine at least one complete 
revolution. If the engine cannot be rotated a complete 
revolution, internal damage is indicated and the 
engine must be disassembled to ascertain the extent of 
damage and the cause. 


4. Use the proper viscosity lubricating oil grade as 
recommended in the Lubricating Oil Specifications. 


5. Recharge the battery if a light load test indicates 
low or no voltage. Replace the battery if it is damaged 
or will not hold a charge. 


Connect the leads properly after replacing the 


terminals that are damaged or corroded. 


At low ambient temperatures, use of a starting aid will 
facilitate keeping the battery fully charged by 
reducing the cranking time. 


6. Tighten the starter connections. Inspect the starter. 


commutator and brushes for wear. Replace the brushes 
if badly worn and overhaul the starting motor if the 
commutator is damaged. 


7. To check for air leaks, flow obstruction, faulty fuel 
pump or faulty installation, consult the No Fuel or 
Insufficient Fuel chart. 


8. Inspect for governor-to-injector linkage binding that 
will prevent the governor from positioning the injector 
racks into the full-fuel position. Remove any bind 
found and readjust the governor and injector controls 
if necessary. 


9. The cylinder head must be removed and overhauled 
to correct this condition. 


10. Remove the air box covers and inspect the 
compression rings through the ports in the cylinder 
liners. Overhaul the cylinder assemblies if the rings 
are badly worn or broken. 


1I. To check for compression gasket leakage, remove 
the radiator filler cap and operate the engine. A steady 
flow of gases from the coolant filler indicates either a 
cylinder head gasket is damaged or the cylinder head 
is cracked. Remove the cylinder head and replace the 
gaskets. 


12. Check the exhaust valve clearance and adjust to the 
correct clearance. 


13. Inspect the blower drive shaft and drive coupling. 
Replace damaged parts. 


14. Operate the starting aid according to the 


instructions under Cold Weather Starting Aids. 
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Chart 3 
ABNORMAL ENGINE OPERATION 


Probable Causes 











UNEVEN RUNNING OR LACK OF POWER 
FREQUENT STALLING 





Check For 
Check For 


6. IMPROPER ENGINE ADJUSTMENTS 
. LOW COOLANT TEMPERATURE (TUNE-UP) AND GEAR TRAIN TIMING 


. INSUFFICIENT FUEL J 7. INSUFFICIENT FUEL 


| 


. FAULTY INJECTORS | [ 8. INSUFFICIENT AIR 


. LOW COMPRESSION PRESSURES 9. ENGINE APPLICATION 


















































5. GOVERNOR INSTABILITY 10. HIGH RETURN FUEL TEMPERATURE 
(HUNTING) 


11. HIGH AMBIENT AIR TEMPERATURE 


Г 


[ 12. HIGH ALTITUDE OPERATION 

















DETONATION | 


Check For 


13. OIL PICKED UP BY AIR STEAM 


- 


14. LOW COOLANT TEMPERATURE 


15. FAULTY INJECTORS 


SUGGESTED REMEDY 




















1. Watch the engine coolant temperature gage and if 2. Check engine fuel spill back and if the return is less 
the temperature does not reach 160° to 185°F. while than .6 gallon per minute consult the No Fuel or 
the engine is operating, consult the Abnormal Engine Insufficient Fuel chart. 

Coolant Temperature chart. 
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Trouble Shooting Engine 15.2 


ABNORMAL ENGINE OPERATION (Cont'd.) 


SUGGESTED REMEDY 


3. Check the injector timing and the position of the 
injector racks. If the engine was not tuned correctly, 
perform an engine tune-up. Erratic engine operation 
may also be caused by leaking injector spray tips. 
Replace the faulty injectors. 


4. Check the compression pressures within the cylinder 
and consult the Hard Starting chart if compression 
pressures are low. 


5. Erratic engine operation may be caused by 
governor-to-injector operating linkage binding or by 
faulty adjustments when performing the engine tune- 
up. These items may be corrected by performing the 
appropriate engine tune-up procedure as outlined for 
the governor. 


6. The engine should be tuned whenever performance 
is not satisfactory. 


Check the engine gear train timing. An improperly 
timed gear train will result in a loss of power due to 
the valves and injectors being actuated at the wrong 
time in the engine's operating cycle. 


7. Perform a Fuel Flow Test and, if less than .6 gallon 
per minute 15 returning to the fuel tank, consult the No 
Fuel or Insufficient Fuel chart. 


8. Check for damaged or dirty air cleaners and clean, 
repair or replace damaged parts. 


Remove the air box covers and inspect the cylinder 


liner ports. If the ports are over 50% plugged, clean 
them. 


When it is determined that the engine is not getting 
an adequate supply of air into the cylinders, resulting 
in poor combustion, check for damaged or dirty air 
cleaners, inadequate air supply to the engine 
compartment cylinder liner ports over 50% plugged, 
blower air intake obstructed or high exhaust back 
pressure. The faulty parts should be cleaned, repaired 
or replaced. 


Check the compression pressures; if found low, consult 
the Hard Starting chart. 


9. Incorrect operation of the engine may result in 
excessive loads on the engine. Operate the engine 
according to the approved procedures outlined in the 
Drivers Handbook. 


10. Refer to Item 13 on Chart 4. 


11. Check the ambient air temperature. А power 
decrease of .15 to .5 horsepower per cylinder, 
depending upon injector size, for each 10°F. 
temperature rise above 90°F. will occur. Relocate the 
engine air intake to provide a cooler source of air. 


12. Engines lose horsepower with increases in altitude. 
The percentage of power loss is governed by the 
altitude at which the engine is operating. 


13. Check oil bath air cleaners to see that they have 
been filled to the proper level with the same viscosity 
lubricating oil that is used in the engine. 


Clean the air box and drain tubes to prevent 
accumulations that may be picked up by the air stream 
and enter the engine's cylinders. 


Inspect the blower oil seals by removing the air inlet 
housing and watching through the blower inlet for oil 
radiating away from the blower rotor shaft oil seals 
while the engine is running. If oil is passing through 
the seals, overhaul the blower. 


Check for a defective blower-to-cylinder block gasket. 
Replace the gasket if necessary. If the blower has been 
removed, install a new gasket. 


14. Refer to Item 1 of this chart. 


15. Check injector timing and the position of each 
injector rack. If the engine was not tuned-up correctly, 
perform an engine tune-up. If the engine is correctly 
tuned, the erratic operation may be caused by an 
injector check valve leaking, spray tip holes enlarged, 
or a broken spray tip. Replace all injectors found 
faulty. 
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NO FUEL OR INSUFFICIENT FUEL 





Probable Causes 











AIR LEAKS | FAULTY FUEL PUMP 
Check For Check For 
| 1. LOW FUEL SUPPLY | 7. RELIEF VALVE NOT SEATING 


2. LOOSE CONNECTIONS OR CRACKED 8. WORN GEARS OR PUMP BODY 
LINES BETWEEN FUEL PUMP AND TANK 
OR SUCTION LINE IN TANK 




















9. FUEL PUMP NOT ROTATING 


[ 4. FAULTY INJECTOR TIP ASSEMBLY | @ FAULTY INSTALLATION | 


Check For 


. DIAMETER OF FUEL SUCTION 
LINES TOO SMALL 


3. DAMAGED FUEL OIL STRAINER GASKET 

















FLOW OBSTRUCTION 








. RESTRICTED FITTING MISSING 
Check For FROM RETURN LINE 


| 5. FUEL STRAINER OR LINES RESTRICTED | . INOPERATIVE FUEL INTAKE LINE 
mE is CHECK VALVE 


6. TEMPERATURE LESS THAN 10°F. ABOVE | 
POUR POINT OF FUEL | 13. HIGH FUEL RETURN TEMPERATURE | 
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Trouble Shooting Engine 15.2 


NO FUEL OR INSUFFICIENT FUEL (Cont'd.) 


SUGGESTED REMEDY 


l. The fuel tank should be filled above the level of the 
fuel suction tube. 


2. Perform a Fuel Flow Test and. if air is present. 


tighten loose connections and replace cracked lines. 


3. Perform a Fuel Flow Test and. if air 15 present, 
replace the fuel strainer gasket when changing the 
strainer element. 


4. Perform a Fuel Flow Test and, if air is present with 
all fuel lines and connections assembled correctly, 
check for and replace faulty injectors. 


5. Perform a Fuel Flow Test and replace the fuel 
strainer and filter elements and the fuel lines. if 
necessary. 


6. Consult the Fuel Oil Specifications and use the fuel 
oil recommended. 


7. Perform a Fuel Flow Test and. if inadequate, clean 
and inspect the valve seat assembly. 


8. Replace the gear and shaft assembly or the pump 
body. 


9. Check the condition of the fuel pump drive and 
blower drive and replace the defective parts. 


10. Replace with larger tank-to-engine fuel lines. 
11. Install a restricted fitting in the return line. 


12. Make sure that the check valve 15 installed in the 
line correctly; the arrow should be on top of the valve 
assembly or pointing upward. Reposition the valve if 
necessary. If the valve is inoperative, replace it with a 
new valve assembly. 


13. Check the engine fuel spill-back temperature. The 
return fuel temperature must be less than 150“. or a 
loss in horsepower will occur. This condition may be 
corrected by installing larger fuel lines or relocating 
the fuel tank to a cooler position. 
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15.2 Trouble Shooting Engine 


Chart 5 


DETROIT DIESEL 53 





HIGH LUBRICATING OIL CONSUMPTION 








Т 





Probable Causes 








EXTERNAL LEAKS 


Check For 


. OIL LINES OR CONNECTIONS LEAKING ] 


: " 


. GASKET OR OIL SEAL LEAKS 

















| 


. HIGH CRANKCASE PRESSURE 








. EXCESSIVE OIL IN AIR BOX 





INTERNAL LEAKS 


Check For 


3. BLOWER OIL SEAL LEAKING 


I 


. OIL COOLER CORE LEAKING 

















OIL CONTROL AT CYLINDER 





Check For 





. OIL CONTROL RINGS WORN, BROKEN 
OR IMPROPERLY INSTALLED 


1 


. PISTON PIN RETAINER LOOSE 


| 


. SCORED LINERS, PISTONS, OR 
OIL RINGS 

















12. EXCESSIVE OIL IN CRANKCASE 





SUGGESTED REMEDY 


. Tighten or replace the defective parts. 
. Replace defective gaskets or oil seals. 

3. Refer to the Excessive Crankcase Pressure chart. 
. Refer to the Abnormal Engine Operation chart. 


5. Remove the air inlet housing and inspect the blower 
end plates while the engine is operating. If oil 15 seen 
on the end plate radiating away from the oil seal. 
overhaul the blower. 


6. Inspect the engine coolant for lubricaung oil 
contaminauon: if contaminated, replace the oil cooler 


core. Then. use a good grade of cooling system cleaner 
to remove the oil from the cooling system. 


7. Replace the oil control rings on the piston. 

8. Replace the piston pin retainer and defective parts. 
9. Remove and replace the defective parts. 

10. Replace all worn and defective parts. 

L1. Decrease the installation angle. 


12. Fill the crankcase to the proper level only. 
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EXCESSIVE CRANKCASE PRESSURE 


Probable Causes 


CYLINDER BLOW-BY AIR FROM BLOWER 
OR AIR BOX 


Check For 
Check For 
1. CYLINDER HEAD 


GASKET LEAKING 5. DAMAGED BLOWER- 
TO-BLOCK GASKET 


2. PISTON OR 
LINER DAMAGED 6. CYLINDER BLOCK END 
PLATE GASKET LEAKING 
3. PISTON RINGS 
WORN OR BROKEN 
EXCESSIVE EXHAUST 
BACK PRESSURE 
Check For 
7. EXCESSIVE MUFFLER 
RESISTANCE 


8. FAULTY EXHAUST PIPING 


SUGGESTED REMEDY 


BREATHER RESTRICTION 


Check For 


4. OBSTRUCTION OR 
DAMAGE TO BREATHER 


l. Check the compression pressure and, if only one 5. Replace the blower-to-block gasket. 
cylinder has low compression. remove the cylinder 
head and replace the head gaskets. 6. Replace the end plate gasket. 


2. Inspect the piston and liner and replace damaged 7. Check the exhaust back pressure and repair or 
parts. replace the muffler if an obstruction is found. 


3. Install new piston rings. 8. Check the exhaust back pressure and install larger 
piping if it is determined that the piping is too small. 
4. Clean and repair or replace the breather assembly. too long or has too many bends. 





October, 1970 SEC. 15.2 Page 13 


15.2 Trouble Shooting Engine DETROIT DIESEL 53 


LOW OIL PRESSURE 


CHECK SHOULD BE MADE WITH WATER OUTLET TEMPERATURE AT 160°F, MINIMUM 


Probable Causes 


LUBRICATING OIL PRESSURE GAGE 
Check For Check For 
1. SUCTION LOSS ` 8. FAULTY GAGE 
2. LUBRICATING OIL VISCOSITY 9. GAGE LINE OBSTRUCTED 


10. GAGE ORIFICE PLUGGED 
POOR CIRCULATION 


11. ELECTRICAL INSTRUMENT 
PANEL SENDING 


Check For UNITS FAULTY 


3. COOLER CLOGGED 


OIL PUMP 


Check For 
5. PRESSURE REGULATOR 


VALVE NOT 12. INTAKE SCREEN PARTIALLY 
FUNCTIONING PROPERLY CLOGGED 


4. COOLER BY-PASS VALVE NOT 
FUNCTIONING PROPERLY 


©. EXCESSIVE WEAR ON 13. RELIEF VALVE FAULTY 
CRANKSHAFT BEARINGS 


14. AIR LEAK IN PUMP SUCTION 


7. GALLERY, CRANKSHAFT OR 
CAMSHAFT PLUGS MISSING 


15. PUMP WORN OR DAMAGED 


16. FLANGE LEAK - PRESSURE 
SIDE 
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Chart 7 (Cont'd. ) 


Trouble Shooting Engine 15.2 


LOW OIL PRESSURE (Conr'd.) 


SUGGESTED REMEDY 


1. Check the oil and bring it to the proper level on the 
dipstick or correct the installation angle. 


2. Wrong viscosity of lubricating oil being used: 
consult the Lubricating Oil Specifications. 


Check for fuel leaks at the injector nut seal ring and 
fuel pipe connections. Leaks at these points will cause 
fuel oil dilution. 


3. A plugged oil cooler is indicated by excessively high 
lubricating oil temperature. Remove and clean the oil 
cooler core. 


4. Remove the by-pass valve and clean the valve and 
valve seat and inspect the valve spring. Replace 
defective parts. 


5. Remove the pressure regulator valve and clean the 
valve and valve seat and inspect the valve spring. 
Replace defective parts. 


6. Change the bearings. Consult the Lubricating Oil 
Specifications for the proper grade of oil to use and 
change the oil filters. 


7. Replace missing plug(s). 


8. Check the oil pressure with a reliable gage and 
replace the gage 1f found faulty. 


9. Remove and elean the gage line; replace it if 
necessary. 


10. Remove and clean the gage orifice. 

11. Repair or replace defective electrical equipment. 
12. Remove and clean the oil pan and oil intake 
screen; consult the Lubricating Oil Specifications for 
the proper grade of oil to use and change the oil 


filters. 


13. Remove and inspect the valve, valve bore and 
spring; replace faulty parts. 


14. Disassemble the piping and install new gaskets. 


15. Remove the pump, clean and replace defective 
parts. 


16. Remove the flange and replace the gasket. 





October, 1970 SEC. 15.2 Page 15 


15.2 Trouble Shooting Engine 


Chart 8 


DETROIT DIESEL 53 


ABNORMAL ENGINE COOLANT OPERATING TEMPERATURES 


Probable Causes 


—_ 2. POOR CIRCULATION 








BELOW NORMAL 


Check For 


| 
3. IMPROPER CIRCULATION 


4. EXCESSIVE LEAKAGE 
AT THERMOSTAT SEAL 


SUGGESTED REMEDY 


1. The cooling system should be cleaned with a good 
cooling system cleaner and thoroughly flushed to 
remove scale deposits. 


The exterior of the radiator core should be cleaned to 
open plugged passages permitting normal air flow. 


Loose fan belts should be adjusted to the proper 
tension to prevent slippage. 


Check for an improper size radiator or inadequate 
shrouding. 


Repair or replace inoperative temperature-controlled 
fan. 


2. Check the coolant level and fill to the filler neck if 
the coolant level 15 low. 


Inspect for collapsed or disintegrated hoses. Replace 
all faulty hoses. 


Thermostat may be inoperative. Remove. inspect and 
test the thermostat: replace if found faulty. 


Check the water pump for a loose or damaged 
impeller. 
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Check the flow of water through the radiator. A 
clogged radiator will cause an inadequate supply of 
water on the suction side of the pump. Clean the 
radiator core. 


Remove the radiator cap and operate the engine, 
checking for combustion gases in the cooling system. 
The cylinder head must be removed and inspected for 
cracks and the head gaskets replaced if combustion 
gases are entering the cooling system. 


Check for an air leak on the suction side of the water 
pump. Replace defective parts. 


3. The thermostat may not be closing. Remove, inspect 
and test the thermostat. Install a new thermostat if 
necessary. 


Check for an improperly installed heater. 


4. Excessive leakage of coolant past the thermostat 
seal(s) 15 a cause of continued low coolant operating 
temperature. when this occurs. replace the thermostat 
seal(s). 
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15.3 


STORAGE 


PREPARING ENGINE FOR STORAGE 


When an engine is to be stored or removed from 
operation for a period of time, special precautions 
should be taken to protect the interior and exterior of 
the engine, transmission and other parts from rust 
accumulation. and corrosion. The parts requiring 
attention and the recommended preparations are 
given below. 


It will be necessary to remove all rust or corrosion 
completely from any exposed part before applying a 


rust preventive compound. Therefore. it is recom- 
mended that the engine be processed for storage as 
soon as possible after removal from operation. 


The engine should be stored in a building which is dry 
and can be heated during the winter months. Moisture 
absorbing chemicals are available commercially for 
use when excessive dampness prevails in the storage 
area. 


TEMPORARY STORAGE (30 days or less) 


To protect an engine for a temporarv period of time. 
proceed as follows: 


1. Drain the engine crankcase. 


2. Fill the crankcase to the proper level with the 
recommended viscosity and grade of oil. 


3. Fill the fuel tank with the recommended grade of 
fuel oil. Operate the engine for two minutes at 1200 
rpm and no load. 


NOTE: Do not drain the fuel system or the 
crankcase after this run. 


4. Check the air cleaner and service it, if necessary. as 
outlined in Section 3.1. 


5. If freezing weather is expected during the storage 
period, add a high boiling point type antifreeze 
solution in accordance with the manufacturer's 
recommendations. Drain the raw water system and 
leave the drain cocks open. 


6. Clean the entre exterior of the engine (except the 
electrical system) with fuel oil and dry it with air. 


7. Seal all of the engine openings. The material used 
for this purpose must be waterproof, vaporproof and 
possess sufficient physical strength to resist puncture 
and damage from the expansion of entrapped air. 


An engine prepared in this manner can be returned to 
service in a short time by removing the seals at the 
engine openings, checking the engine coolant, fuel oil, 
lubricating oil. transmission, and priming the raw 
water pump. if used. 


EXTENDED STORAGE (30 days or more) 


When an engine is to be removed from operation for 
an extended period of time, prepare it as follows: 


I. Drain and thoroughly flush the cooling system with 
clean, soft water. 


2. Refill the cooling system with clean, soft water. 


3. Add a rust inhibitor to the cooling system (refer to 
Corrosion Inhibitors in Section 13.3). 


4. Remove, check and recondition the injectors. if 
necessary, to make sure they will be ready to operate 
when the engine is restored to service. 


5. Reinstall the injectors in the engine, time them, and 
adjust the valve clearance. 


6. Circulate the coolant through the entire system by 
operating the engine until normal operating tempera- 
ture is reached (160°F. to 185°F). 


7. Stop the engine. 


8. Remove the drain plug and completely drain the 
engine crankcase. Reinstall and tighten the drain plug. 
Install new lubricating oil filter elements and gaskets. 


9. Fill the crankcase to the proper level with a 30- 
weight preservative lubricating oil MIL-L-21260, 
Grade 2 (P10), or equivalent. 


10. Drain the engine fuel tank. 
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11. Refill the fuel tank with enough rust preventive 
fuel oil such as American Oil Diesel Run-In Fuel (LF- 
4089), Mobil 4Y 17, or equivalent, to enable the engine 
to operate 10 minutes. 


12. Drain the fuel filter and strainer. Remove the 
retaining bolts, shells and elements. Discard the used 
elements and gaskets. Wash the shells in clean fuel oil 
and insert new elements. Fill the cavity between the 
element and shell about two-thirds full of the same 
rust preventive compound as used in the fuel tank and 
reinstall the shell. 


13. Operate the engine for 5 minutes to circulate the 
rust preventive throughout the engine. 


14. Refer to Section 3.1 and service the air cleaner. 


15. MARINE GEAR 


= 


. Drain the oil completely and refill with clean oil of 
{һе proper viscosity and grade as 15 recom- 
mended. Remove, clean or replace the strainer 
and replace the filter element. 


с 


. Start and run the engine at 600 rpm for 5 minutes 
so that clean oil can coat all of the internal parts 
of the marine gear. Engage the clutch to circulate 
clean oil through all of the moving parts. 


NOTE: The performance of this step is not 
necessary on torque converter units. 
16. TORQMATIC CONVERTER 


a. Start. the engine and operate it until the 
temperature of the converter oil reaches 150°Е. 


с 


. Remove the drain plug and drain the converter. 


c. Remove the filter element. 


Ci 


. Start the engine and stall the converter for twenty 
seconds at 1000 rpm to scavenge the oil from the 
converter. Due to lack of lubrication, do not exceed 
the 20 second limit. 


€. Install the drain plug and a new filter element. 


f. Fill the converter to the proper operating level 
with а commercial preservative oil which meets 
Government specifications MIL-L-21260, Grade 1. 
Oil of this type is available from the major oil 
companies. 


g- Start the engine and operate the converter for at 
least 5 mintues at a minimum of 1000 rpm. 
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Engage the clutch: then stall the converter to raise 
the oil temperature to 225°. 


CAUTION: Do not allow the oil temperature to 
exceed 225°F. If the unit does not have a 
temperature gage, do not stall the converter for 
more than thirty seconds. 


h. Stop the engine and permit the converter to cool 
to a temperature suitable to touch. 


i. Seal all of the exposed openings and the breather 
with moisture-proof tape. 


j. Coat all exposed, unpainted surfaces with preserva- 
tive grease. Position all of the controls for 
minimum exposure and coat them with grease. 
The external shafts. flanges and seals should also 
be coated with grease. 


17. POWER TAKE-OFF 


a. With an all purpose grease such as Shell Alvania 
No. 2, or equivalent, lubricate the clutch throwout 
bearing, clutch pilot bearing, drive shaft main 
bearing, clutch release shaft, and the outboard 
bearings (if so equipped). 


b. Remove the inspection hole cover on the clutch 
housing and lubricate the clutch release lever and 
link pins with a hand oiler. Avoid getting oil on 
the clutch facing. 


c. If the unit is equipped with a reduction gear. drain 
and flush the gear box with light engine oil. If the 
unit is equipped with a filter, clean the shell and 
replace the filter element. Refill the gear box to 
the proper level with the oil grade indicated on 
the name plate. 


18. TURBOCHARGER 


The turbocharger bearings are lubricated by pressure 
through the external oil line leading from the engine 
cylinder block while performing the previous opera- 
tions above and no further attention 15 required. 
However, the turbocharger air inlet and turbine outlet 
connections should be sealed off with moisture 
resistant tape. 


19. HYDROSTARTER SYSTEM 


Refer to Section 12.6.1 for the lubrication and 
preventive maintenance procedure. 
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20. Apply a non-friction rust preventive compound to 
all exposed parts. If it is convenient, apply the rust 
preventive compound to the engine flywheel. If not, 
disengage the clutch mechanism to prevent the clutch 
disc from sticking to the flywheel. 


CAUTION: Do not apply oil, grease or any wax 
base compound to the flywheel. The cast iron 
will absorb these substances which can “sweat” 
out during operation and cause the clutch to 
slip. 


2]. Drain the engine cooling system. 


22. The oil may be drained from the engine crankcase 
if so desired. If the oil is drained, reinstall and tighten 
the drain plug. 


23. Remove and clean the battery and battery cables 
with a baking soda solution and rinse them with fresh 
water. Do not allow the soda solution to enter the 
battery. Add distilled water to the electrolyte, if 
necessary, and fully charge the battery. Store the 
battery in a cool (never below 32°F.) dry place. Keep 


Storage 15.3 


the battery fully charged and check the level and the 
specific gravity of the electrolyte regularly. 


24. Insert heavy paper strips between the pulleys and 
belts to prevent sticking. 


25. Seal all of the openings in the engine, including 
the exhaust outlet, with moisture resistant tape. Use 
cardboard, plywood or metal covers where practical. 


26. Clean and dry the exterior painted surfaces of the 
engine. Spray the surfaces with а suitable liquid 
automobile body wax. a synthetic resin varnish or à 
rust preventive compound. 


27. Cover the engine with a good weather-resistant 
tarpaulin or other cover if it must be stored outdoors. 
A clear plastic cover is recommended for indoor 
storage. 


The stored engine should be inspected periodically. If 
there are any indications of rust or corrosion, 
corrective steps must be taken to prevent damage to 
the engine parts. Perform a complete inspection at the 
end of one year and apply additional treatment as 
required. 


PROCEDURE FOR RESTORING AN ENGINE TO SERVICE WHICH HAS 
BEEN IN EXTENDED STORAGE 


1. Remove the valve rocker cover(s) and pour at least 
one-half gallon of oil, of the same grade as used in the 
crankcase, over the rocker arms and push rods. 


2. Reinstall the valve rocker cover(s). 


3. Remove the covers and tape from all of the 
openings of the engine. fuel tank, and electrical 
equipment. Do not overlook the exhaust outlet. 


4. Wash the exterior of the engine with fuel oil to 
remove the rust preventive. 


5. Remove the rust preventive from the flywheel. 


6. Remove the paper strips from between the pulleys 
and the belts. 


7. Check the crankcase oil level. Fill the crankcase to 
the proper level with the heavy-duty lubricating oil 
recommended under Lubricating Oil Specifications 
(Section 13.3). 


8. Fill the fuel tank with the fuel specified under Diese/ 
Fuel Oil Specifications (Section 13.3). 


9. Close all of the drain cocks and fill the engine 
cooling system with clean soft water and a rust 


inhibitor. If the engine is to be exposed to freezing 
temperatures, fill the cooling system with a high 
boiling point type antifreeze solution (refer to 
Section 13.3). 


10. Install and connect the battery. 


11. Service the air cleaner as outlined in Section 3.1. 


12. Power Generator 


Prepare the generator for starting as outlined under 
Operating Instructions in Section 13.1.1. 


13. Marine Gear 


Check the marine gear; refill it to the proper level. as 
necessary, with the correct grade of lubricating oil. 


14. TORQMATIC CONVERTER 


a. Remove the tape from the breather and all of the 
openings. 
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b. Remove all of the preservative grease with а 
suitable solvent. 


c. Start the engine and operate the unit until the 
temperature reaches 150?F. Drain the preservative 
oil and remove the filter. Start the engine and stall 
the converter for twenty seconds at 1000 rpm to 
scavenge the oil from the converter. 


CAUTION: A Torqmatic converter containing 
preservative oil should only be operated enough 
to bring the oil temperature up to 150°F. 


d. Install the drain plug and a new filter element. 
e. Refill the converter with the oil that is recom- 


mended under  Lubrication and Preventive 
Maintenance. 


15. POWER TAKE-OFF 
Remove the inspection hole cover and inspect the 
clutch release lever and link pins and the bearing ends 


of the clutch release shaft. Apply engine oil sparingly, 
if necessary, to these areas. 


Page 4 


16. HYDROSTARTER 


a. Open the relief valve on the side of the hand 
pump and release the pressure in the system. 


b. Refer to the filing and purging procedures 
outlined in Hydraulic Starting | System (Sec- 
tion 12.6.1). Then, drain, refill and purge the 
Hydrostarter system. 


17. TURBOCHARGER 


Remove the covers from the turbocharger air inlet and 
turbine outlet connections. Refer to the lubricating 
procedure outlined in Preparation for Starting Engine 
First Time in Section 13.1. 


18. After all of the preparations have been completed, 
start the engine. The small amount of rust preventive 
compound which remains in the fuel system will cause 
a smoky exhaust for a few minutes. 


NOTE: Before subjecting the engine to a load or 
high speed, it is advisable to check the engine 
tune-up. 
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Subject 


Accessory drives . 
Accumulator--hydrostarter | 
Adaptor--power take-off 
Air box drains 

Air cleaner 

Air compressor 

Air intake system 

Air shutdown housing 

Air silencer . 

Alarm system 


Balance shaft 
Balance weights--front 
Battery--storage 
Battery-charging generator 
Battery-charging generator regulator 
Bearings: 
Camshaft and balance shaft 
Clutch pilot 
Connecting rod 
Connecting rod (clearance) 
Crankshaft main 
Crankshaft main (clearance) 
Crankshaft outboard 
Idler gear--engine 
Belt adjustment--fan 
Bilge pump 
Block--cylinder d 
Blower (in-line and 6V) . 
Blower (8V) 
Blower drive gear 
Blower drive shaft 
Blower end plates 
Bluing injector components 
Breather--crankcase 


Cam followers 
Camshaft 


Camshaft and balance shaft gears 2s 


Cap--coolant pressure control . 
Charging pump--Hydrostarter 
Charts: 

Engine operating conditions 
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Shut-down housing . 3. Trouble shooting 10 

Shut-down system 74.1 Ventilating system 48 
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